Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  Hbrary  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http  :  //books  .  google  .  com/| 


i  '  a 


.his- 


ANNUAL  REPORT 


OF  THE  M    Q    £>  '"^  *2. 


SECRETARY  OF  WAR 


FOS 


THE   YE^R   1891. 


IN  FIVE  VOLUMES. 


VOLUME   IV. 


WASHINGTOX:  i 

OOTEBNHEKT  PUINTINU   OFFIOB. 

1892. 


REPORT  OF  THE  CHIEF  SIGNAL  OFFICER. 


SIGNAL  OFFICE,  WAE  DEPAETMENT, 

Washington  City,  October  10, 1891. 
Honomble  Eedfield  Proctor, 

Secretary  of  War: 

Sm:  I  have  the  honor  to  submit  the  annual  report  of  the  operations 
of  the  Signal  Corps  for  the  fiscal  year  ending  June  30, 1891. 

REOEGANIZATION. 

The  Signal  Corps  has  been  completely  reorganized  during  the  past 
year,  the  military  branch  having  been  placed  on  a  fixed  and  permanent 
footing,  tending  to  greater  efficiency,  while  the  civic  duties  have  been 
fully,  definitely,  and  finally  transferred  as  the  United  States  Weather 
Bureau  to  the  Department  of  Agriculture.  This  reorganization  re* 
suited  from  the  recommendation  of  the  President  in  his  first  annual 
message,  which  recommendation  finally  became  law  by  the  aot  of  Con- 
gress approved  October  1,  1800,  which  defines  the  military  duties  of 
the  Signal  Corps  of  the  Army,  as  follows : 

''  Section  2.  That  the  Chief  Signal  Officer  shall  have  charge,  under 
the  direction  of  the  Secretary  of  War,  of  all  military  signal  duties,  and 
of  books,  papers,  and  devices  connected  therewith,  including  telephone 
apparatus,  and  the  necessary  meteorological  instruments  for  use  on 
target  ranges,  and  other  military  uses ;  the  construction,  repair,  and 
oi^eration  of  military  telegraph  lines,  and  the  duty  of  collecting  and 
transmitting  information  for  the  Army  by  telegraph  or  otherwise,  and 
aJI  other  duties  usually  pertaining  to  military  signaling ;  and  the  opera- 
tion of  said  Corps  shall  be  confined  to  strictly  military  matters," 

At  present  the  Signal  Corps  is  eom]>osed  of  a  Chief  Signal  Officer 
with  the  rank  of  brigadier  general,  one  major,  four  captains  (mounted), 
four  first  lieutenants  (mounted),  together  with  ten  first-class  sergeants 
and  forty  sergeants.  The  officers  of  the  Corps,  appointed  in  February 
last,  were  selected  from  officers  of  the  Army,  with  particular  reference 
to  their  merit,  which  was  largely  determined  from  former  service  with 
the  Signal  Corps.  In  selecting  the  Board  of  Officers  to  pass  on  the 
comparative  merits  of  the  applicants,  the  Secretary  of  War  so  consti- 
tuted it  that  the  members  represented  the  volunteer  soldier,  the  scien- 
tific professions,  and  the  trained  gi'uduate  oi'the  U.  S.  Military  Academy. 
The  recommendations  of  the  Board,  and  of  the  Chief  Signal  Officer, 
were  fully  approved  by  the  Secretary  of  War  and  concurred  in  by  the 
President. 
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The  sergeants  in  the  Signal  Corps  liave  been  selected  in  part  from 
the  old  members  of  the  Corps,  and  in  part  from  numerous  candidates 
among  non-commissioned  officers  of  the  line,  those  being  transferred 
whose  education,  special  training,  soldierly  conduct,  and  moral  stand- 
ing gave  promise  of  greatest  usefulness. 

DIVISION  OF  MILITARY  SIGNALING. 

In  Appendix  No.  1  is  set  forth  by  Captain  R.  E.  Thompson,  Signal 
Corps,  the  progress  and  condition  of  military  signaling  in  the  Army 
during  the  year. 

First  Lieutenant  J.  E.  Maxfield,  Signal  Corps,  stationed  at  Fort 
Riley,  Kans.,  was  temporarily  called  away  from  his  instruction  duties 
in  order  to  participate  in  field  operations  near  the  Pine  Ridge  Agency. 
He  has  returned  to  Riley  and  is  engaged  in  instructing  sergeants  of 
the  Signal  Corps.  First  Lieutenant  Frank  Greene,  Signal  Corps,  as- 
signed to  duty  as  Chief  Signal  Officer  of  the  Department  of  Arizona, 
supervises  signal  instruction  in  that  department,  and  in  addition  man- 
ages with  energy  and  satisfaction  the  difficult  telegraph  lines  of 
Arizona. 

The  establishment  of  a  Signal  Corps  of  the  Army  upon  a  permanent 
basis  does  not  entirely  relieve  the  Chief  Signal  Officer  of  the  Army 
from  embarrassment  in  the  performance  of  strictly  military  duties, 
since  the  Corps  remains  unprovided  with  facilities  for  using  the  pres- 
ent antiquated  fleld-telegrai)h  train,  or  with  proi>er  means  for  improv- 
ing its  condition.  The  experience  of  the  rebellion  taught  the  impossi- 
bility of  the  ablest  officers,  no  matter  how  thoroughly  informed  as  to 
theory,  to  immediately  and  effectually  perform  technical  duties  which 
they  had  considered  only  from  a  strictly  theoretical  standpoint.  Ex- 
perience and  practice  are  the  safest  criterions  of  efficiency.  In  all 
foreign  armies  the  principles  enunciated  by  Napoleon,  that  speedy 
communications  are  guarantees  of  success,  are  acted  upon.  The  mili- 
tary world  elsewhere  regards  as  indispensable  auxiliaries  to  military 
operations  the  perfecting  of  field  telephone  kits,  the  raising  to  a  high 
degree  of  efficiency  field  telegraph  trains,  and  the  development  of  other 
adjuncts  necessary  to  insure  speedy  communication.  The  highest 
talents  and  the  most  acute  minds  are  now  applied  to  the  development 
and  extension  t)f  motors  and  methods  for  speedy  and  increased  com- 
munication, both  bodily  by  transportation  lines  and  mentally  by  tele- 
graph and  telephone.  In  foreign  armies  the  result^s  of  such  inventions 
are  quickly  applied  to  the  solution  of  professional  problems  arising  in 
connection  with  military  duties,  and  if  the  professional  standing  of  the 
American  Army  is  to  be  maintained,  similar  application  must  be  made 
in  this  countr}^,  otherwise  a  few  years  would  leave  the  entire  army  un- 
skilled in  the  most  important  of  modern  appliances. 

The  radical  change  in  strategic  operations  involving  the  movement 
of  separate  bodies  of  troops  is  strikingly  illustrated  by  Von  Moltke  in 
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his  detormi nation  to  unite  biKS  armies  witliiu  bis  adversaries'  country 
at  Gitscbin,  **  he  moved  bis  two  separate  armies  by  means  of  the  elec- 
tric telegraph  with  as  complete  precision  as  if  they  bad  been  concen- 
trated ander  his  own  eyes,"  and  so  assured  was  be  of  the  certainty 
and  speed  of  this  method  of  communication  that  even  after  bis  armies 
had  made  their  way  into  the  heart  of  the  enemy's  country  '*  instead  of 
at  once  uniting  he  kept  them  designedly  at  least  one  day's  march 
apart,  in  the  hope  of  securing  the  tactical  advantage  of  engaging  his 
enemy  in  front  with  one  whilst  be  fell  upon  his  flank  or  rear  with  the 
other,  which  he  actually  did  subsequently."  Lord  Wolseley,  in  criti- 
cising Von  Moltke's  tactics,  says  "  to  have  attempted  such  an  opera- 
tion as  bis  invasion  of  Bohemia  before  the  electric  telegraph  was  in- 
vented would  have  been  mad  rashness,"  and  be  draws  the  conclusion 
that  to  excel  the  general  must  study  not  only  the  inventions  and  most 
recent  discoveries  in  applied  science,  and  the  improvement  in  the  me- 
chanical implements  of  the  day,  but  be  must  catch  eagerly  at  those 
which  he  sees  looming  up  in  the  distance. 

At  the  end  of  the  rebellion,  the  Signal  Corps  of  our  Army  was  the 
most  efficient  in  the  world,  and  now,  while  foreign  governments  are  ex- 
tending its  means  and  improving  its  methods,  having  copied  the  Ameri- 
can idea  of  army  signaling,  the  Chief  Signal  Officer  feels  impelled  to 
urge  upon  Congress  the  importance  of  providing  suitable  means  for  the 
regular  instruction  and  drill  of  the  officers  and  men  of  the  Signal 
Corps,  who,  otherwise,  must  steadily  retrograde  and  become  unfitted 
for  such  work  under  difficult  conditions.  Ample  material  and  support 
are  necessary  to  raise  the  Signal  Corps  to  a  high  standard  of  efficiency 
and  keep  abreast  of  modern  progress.  The  telegraph,  the  heliograph, 
the  electric  flash-light,  and  the  telephone  have  become  potent  factors 
in  civilized  warfare,  and  any  neglect  to  provide  suitable  means  for 
a  military  corps  charged  with  the  study,  practice,  and  operations  of  the 
same,  cannot  commend  itself  to  any  thoughtful  legislator.  While  mil- 
lions of  dollars  are  being  appropriated  for  our  coast  defenses,  the 
Signal  Corps  has  found  itself  unable  to  furnish  needful  telephones, 
telegraph  lines,  and  other  electrical  apparatus  for  artillery  ranges. 
Practice  in  constructing  and  maintaining  telephone  lines  and  fleld 
telegraph  trains  can  be  had  at  inconsiderable  expense,  and  with  great 
advantage  in  connection  with  summer  campaigns  and  marches  of  the 
regular  Army,  and  particularly  with  the  large  camps  of  the  militia  of  the 
various  states. 

In  her  strenuous  efforts  to  improve  the  efficiency  of  her  army,  France 
felt  the  necessity  of  sure  and  rapid  means  of  conveying  orders  from  the 
commanding  general  to  his  division  commanders,  and  special  efforts 
have  been  made  in  this  direction.  As  a  result  the  French  military 
anthorities  congratulate  themselves  on  the  speedy  and  accurate  manner 
in  which  the  military  manoeuvres  of  this  year,  involving  the  handling 
of  150|000  men  over  a  limited  territory,  were  accurately  and  promptly 
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performed  without  disorder  or  delay.  In  tbis  mobilization,  says  one  of 
the  French  journals,  the  syst<3m  of  communicating  orders  by  electric 
lines  of  permanent  and  temporary  character  was  perfected  to  such  an 
extent  as  to  elicit  especial  commendation  from  the  commanding 
general. 

In  the  French  manoeuvres  referred  to  it  appears  that  the  use  of 
the  captive  balloon,  initiated  by  McClellan  af  Yorktown  in  18G2,  has 
been  carried  to  a  successful  stage  by  European  experts.  A  captive 
balloon  was  kept  in  constant  communication  by  means  of  telephones 
with  tl^e  Commanding  General,  and  the  post  of  observation  was  so 
commanding  that  no  ^lovement  of  any  considerable  body  of  troops  by 
the  enemy  was  possible  without  speedy  detection  and  report.  The 
Chief  Signal  Officer  has  long  appreciated  the  importance  of  balloons  in 
active  military  operations,  and  he  has  made  a  special  estimate  for  the 
purchase  and  construction  of  a  military  balloon  train,  which  is  a  neces- 
sary adjunct  to  the  permanent  equipment  of  the  Signal  Corps. 

The  necessity  of  determining  by  experiment  the  most  serviceable  and 
suitable  mechanism  for  a  powerful  flash  light  demands  instant  and  care- 
fdl  consideration  at  the  hands  of  this  Corps,  and  a  small  appropriation 
is  asked  therefor.  Such  powerful  lights  are  indispensable  to  successful 
night  signaling,  and  in  addition  are  absolutely  necessary  for  use  as 
search  lights  for  detecting  and  neutralizing  night  assaults  on  i)erma- 
nent  or  temporary  earthworks  and  also  on  exposed  camps. 

It  is  most  desirable  that  appropriations  for  flash  lights  and  balloons 
be  made  during  this  fiscal  year,  in  order  that  these  important  outfits 
may  be  practically  exhibited  at  the  World's  Fair  in  1893. 

SB  ACQ  AST,  MILITARY,  AND  TELEGRAPH  LINES 

Major  n.  H.  C.  Dunwoody,  Signal  Corps,  in  Appendix  No.  2,  states 
the  condition  under  which  the  military  and  seacoast  telegraph  lines 
have  been  maintained  and  operated  during  the  fiscal  year.  Under  the 
act  of  Congress  approved  October  1, 1890,  the  coast  lines  (634  miles  in 
length)  were  designated  for  transfer  to  the  Department  of  Agriculture 
on  July  1, 1891^  while  the  lines  maintained  for  strictly  military  pur- 
poses (1,025  miles  in  length)  remain  under  the  charge  of  the  Chief 
Signal  Officer  of  the  Army. 

The  seacoast  lines  have  suffered  material  interruption  during  the 
year  on  the  Atlantic  coast  from  Cape  Charles,  Va.,  rta  Norfolk,  to 
Hatteras,  N.  C. ;  the  cable  across  Oregon  Inlet  had  its  shore  ends  drawn 
from  their  landings  by  the  violent  storm  of  January  10, 1891,  while  the 
cabhj  from  Capo  Henry  to  Cape  Charles  was  broken,  presumably  by  the 
anchor  of  a  vessel .  The  Oregon  Inlet  cable  was  so  deeply  buried  in  the 
sand  as  to  render  its  recovery  impossible,  and  it  was  replaced  on  June 
7th  by  a  now  cable  of  much  heavier  material.  Like  the  former,  the 
new  cable  has  two  conductors,  of  which  one  is  placed  at  the  disposal  of 
the  U.  S.  Life  Saving  Bureau.    Owing  to  insufficient  funds,  nothing 
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eonld  be  done  with  the  Cape  Charles  cable,  except  to  buoy  and  secure 
it>,  until  July  last,  when  funds  would  become  available  for  final  and  com- 
plete repairs. 

During  tlie  year  the  Tatoosh  Island  cable  and  land  line  have  re- 
mained inoperative,  owing  to  the  insufficiency  of  the  special  appropria- 
tion for  repairs.  The  sum  of  $6,800,  estimated  for  originally,  was  based 
on  the  imi)ortation  of  a  cable  free  of  duty,  but  a^  subsequent  legislation 
required  the  imposition  of  such  duty,  it  became  necessary  to  ask  an  in- 
crease of  the  appropriation  to  cover  this  difference  in  the  cost,  which 
increase  was  gi-anted  by  Congress  and  incorporated  in  the  appropria- 
tions for  the  coming  fiscal  year.  A  new  cable  has  been  contracted  for, 
and  the  work  of  reconstructing  the  land  line  between  Port  Angeles  and 
Cape  Flattery  commenced,  so  that  telegraphic  connection  with  Tatoosh 
Island  should  be  renewed  on  or  before  August  1, 1891. 

The  value  of  the  seacoast  lines  has  been  demonstrated  during  the  past 
year.  Shortly  after  the  loss  of  the  Oregon  Inlet  cable,  there  occurred 
in  the  immediate  vicinity  three  shipwrecks,  involving  the  loss  of 
nineteen  lives,  and  emphasizing  the  importance  of  telegraphic  communi- 
cation along  the  dangerous  coast  of  Koi*th  Carolina.  During  the  year 
four  vessels,  through  timely  warnings  over  the  Point  Beyes  line,  were 
saved  from  destruction,  the  most  notable  case  being  the  British  ship 
"  Jessamine,"  Febniary  22, 1891,  whose  equipage  of  twenty  men  and 
valuable  cargo  were  saved  through  prompt  action  in  sending  relief. 
On  the  Nantucket  system  of  cables  and  land  lines,  the  Signal  Corps 
operator  at  Vineyard  Haven,  establishing  a  flying  station  at  Gay  Head 
in  connection  with  the  wreck  of  the  U.  8.  steamers  "Galena"  and 
**  Triana,"  rendered  valuable  and  efficient  services  which  were  acknowl- 
edged by  the  Secretary  of  the  Navy  in  a  commendatory  letter. 

The  Chief  Signal  Officer  commends  especially  the  satisfactory  service 
rendered  by  the  enlisted  men  and  civilian  operators  in  connection  with 
the  military  telegraph  lines,  whether  on  the  seacoastor  inland,  which, 
remote  from  centers  of  civilization,  necessitate  prolonged  and  mo- 
notonous hours  of  duty  every  day  of  the  year,  and  also  physical  hard- 
ship resulting  from  the  necessary  exposure  during  extended  repair 
trips.  The  seacoast  lines  have  been  extended  from  G21  to  634  miles  in 
length,  owing  to  changes  in  the  Point  Beyes  line  rendered  necessary 
by  the  approaching  transfer  and  consequent  separation  of  seacoast  and 
military  telegraph  lines. 

MILITABY  TELE6BAPH  LINES. 

The  Chief  Signal  Officer  has  followed  the  previous  policy  of  discon- 
tinning  military  telegraph  lines  wherever  the  extension  of  railway  or 
commercial  telegraph  lines,  or  the  abaudoument  of  military  posts 
woiild  permit.  During  the  past  year  these  lines  have  been  reduced 
from  1^7  to  1,025  miles  in  length. 

The  most  important  divisions  aro  in  the  Department  of  Atizon^^ 
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where  417  miles  are  in  opemtiou,  aud  in  the  Department  of  the  Platte, 
where  290  miles  are  maintained  and  operated.  There  appears  no 
immediate  probability  of  material  reduction  in  the  length  of  these 
which,  as  a  rule,  may  be  said  to  be  indispensable  to  efficient  and 
economical  military  operations  in  connection  with  Indians. 

The  mixed  military  and  seacoast  telegraph  system  connecting  Point 
Eeyes  and  the  military  posts  in  the  harbor  of  San  Francisco  with  the 
Signal  Office,  has  been  maintained  with  a  fair  degree  of  efficiency  dur- 
ing the  year.  The  unfortunate  accidents  to  the  military  cable  in  the 
harbor  of  San  Francisco,  conjoined  to  the  breaking  of  seacoast  cables 
in  Chesapeake  Bay  and  on  the  Korth  Carolina  coast,  with  the  limited 
appropriation,  rendered  it  impossible  to  lay  a  new  cable  in  San 
Francisco  harbor.  It  wa«,  however,  possible  to  restore  communication 
by  patching  up  the  cables  with  heterogeneous  and  unsuitable  old  ma- 
terial. The  importance  of  coa^it  defenses  in  connection  with  the  harbor 
of  San  Francisco  demand  imperatively  that  a  new  cable  should  be  laid, 
and  an  estimate  therefor  will  be  submitted. 

WEATHER  FORECASTS  AND  STORM  WARNINGS. 

.  The  prompt  and  regular  issue  of  weather  forecasts  and  storm  warn- 
ings has  been  possible  only  through  the  remarkably  efficient  telegraph 
service  rendered  by  the  Western  Union  and  other  telegraph  companies. 
It  is  simple  justice  to  the  Western  Union  Telegraph  Company,  which 
corporation  handles  nine-tenths  of  the  weather  reports,  to  say  that 
despite  the  fact  that  during  the  fiscal  year  no  compensation  was  paid 
this  company,  owing  to  pending  controversy  regarding  rates,  such 
conditions  have  not  impaired  the  efficiency  of  its  telegraph  service; 
indeed,  in  the  past  tWo  years  the  circuit  reports  have  been  bandied 
with  unprecedented  accuracy  and  speed,  while  the  special  service  has 
been  most  satisfactory. 

Only  one  serious  interruption  in  the  telegraphic  service  occurred 
during  the  year,  when  the  heavy  sleet  storm  of  January  24-25, 1891, 
destroying  direct  communication  with  New  York  City  for  several  days, 
delayed  beyond  ordinary  circuit  hours  the  receipt  of  reports  from  New 
England  and  New  York.  In  this  case,  as  in  previous  years,  the  West- 
ern Union  Telegraph  Company  placed  their  only  wire  at  the  service  of 
the  Signal  Bureau,  and  handled  with  great  celerity  these  reports  by  a 
circuitous  route  via  Chicago,  Cincinnati,  and  Augusta,  Ga. 

The  method  adopted  of  comparison  between  the  official  forecasts  and 
the  subsequent  weather  conditions  by  a  disinterested  professor  has 
placed  the  Bureau  beyond  the  suspicion  even  of  prejudice  in  this  direc- 
tion. The  percentages,  set  forth  in  Professor  Marvin's  report  (Ap- 
pendix No.  3),  are  believed  to  represent  with  close  approximation  the 
success  of  the  forecasts,  both  as  regards  public  impression  and  also  as 
showing  the  mathematician's  conclusions  drawn  from  definite  and  in- 
disputable observations.    It  most  be  said,  also,  that  it  is  not  claimed 
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that  these  results  are  strictly  comparable.  The  great  and  almost  in- 
fieparable  difficulty  in  weather  forecasting  relates  to  the  exact  predic- 
tion of  rain  as  regards  both  areas  and  time.  The  <)fficer  having  a  fair 
weather  month,  other  things  being  equal,  will  have  a  higher  percent- 
age than  his  intellectual  superior  with  an  unsettled  month.  This  is 
shown  conclusively  by  the  forecasts  for  the  Pacific  coast,  where  south- 
ern Galifornia,  with  its  settled  weather,  gives  about  eight  per  cent, 
higher  verification  than  Oregon.  The  question  of  weighting  predic- 
tions according  to  their  difficulty  has  been  considered,  but  it  was  de- 
cided that  the  results  would  not  be  worth  the  time  necessary  for  such 
close  analysis.  The  yearly  averages  of  temperature  and  weather  com- 
bined for  the  past  three  years  are:  1889,  81.0;  1890,  82.6;  and  1891, 
83.5.  A  very  gratifying  improvement  is  also  found  in  the  successful 
wind  signals,  as  follows:  1889,  67.3;  1890,  67.1;  and  1891,  70.9. 

The  highest  percentage  in  weather  was  obtained  by  1st  Lieutenant 
W.  A.  Olassford,  in  February,  viz.,  90.4,  the  highest,  it  is  believed, 
made  since  the  prediction  by  states  began.  The  highest  average  in 
temperature  was  also  attained  by  the  same  officer  in  the  same  month, 
84.3.  The  percentage  for  signals  shows  the  highest  by  Professor 
Hazen,  viz.,  82.1,  in  March. 

The  marked  differences  between  percentages  of  signals  verified  dur- 
ing the  winter  and  summer  months  makes  it  inappropriate  to  draw  for 
each  official  general  averages  based  on  all  classes  of  forecasts,  as  had 
been  contemplated  by  the  Chief  Signal  Officer,  so  that  until  a  correc- 
tion due  to  the  season  can  be  satisfactorily  determined,  it  is  fairer  to 
all  officials  concerned  to  publish  their  percentage  for  each  class  of  work. 
If  the  other  course  was  followed  injustice  would  be  done  by  comparing 
the  work  of  a  professor  to  his  disadvantage,  if  his  signals  were  displayed 
in  the  month  of  light  and  variable  winds,  with  that  of  his  brother 
professor,  whose  signals  were  displayed  in  the  month  when  the  winds 
were  highest  and  most  frequent. 

Long  time  forecasts  of  weather  and  temperature  have  been  issued  at 
the  discretion  of  the  forecast  official  with  successful  percentages  of  84.1 
for  48  hours  and  87.1  for  72  hours.  These  forecasts  are  made  for  ex- 
tensive sections  of  the  country.  The  forecasts  for  72  hours  (1,121  in 
Damber)  were  infrequent  as  compared  to  those  for  48  hours,  which 
aggregated  2,189.  predictions. 

This  very  gratifying  improvement  on  the  forecasts  for  1891-1890,  of 
2.5  per  cent,  for  the  48-hour  predictions  and  5.7  per  cent,  for  those  of  72 
hoars,  gives  indication  of  what  the  country  may  reasonably  expect  from 
future  predictions  of  this  character.  The  issue  of  these  forecasts  is  en- 
tirely optional  with  the  forecast  officials.  In  this  class  of  work. 
Captain  James  Allen,  Signal  Corps,  and  Prof.  H.  A.  Hazen  have 
shown  great  willingness  to  venture,  in  the  interest  of  the  public,  on 
predictions  for  two  or  three  days  in  advance,  Captain  Allen  making 
881  predictions  during  the  year  and  Professor  Hazen  552. 
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The  following-named  officers  have  performed  the  difficult  and  arduous 
work  of  foreca.sting:  Major  H.  H.  C.  Dunwoody,  Signal  Corps,  August 
and  January ;  Captain  James  Allen,  Signal  Corps,  July.  December,  and 
April ;  Captain  K.  E.  Thompson,  Signal  Corps,  September;  Lieutenant 
W.  A.  Glassford,  Signal  Corps,  October  and  February;  Prof.  H.  A. 
Hazen,  November,  March,  and  May;  Lieutenant  John  P.  Finley,  15th 
Infantry,  for  the  Pacific  Coast  region  during  the  entire  year.  The  de- 
tailed standing  of  these  forecast  officials  appears  in  Appendix  No.  3. 

I 

COLD  WAVE  AND  TEMPERATURE  WARNINGS. 

Prof.  Thomas  Russell  remained  iu  charge  of  this  important  duty 
until  relieved  in  May,  1891.  His  rejwrt  forms  Appendix  No.  4.  The 
percentage  of  success  under  the  present  rigid  rules  was  59.2,  an  im- 
provement of  4  i>er  cent,  over  the  work  of  last  year.  Under  this  system 
of  verification  all  cold  waves  missed,  or  those  which  do  not  come  within 
the  prescribed  time,  are  counted  against  the  official. 

LOCAL  FORECASTS. 

The  plan  initiated  by  the  Chief  Signal  Officer  a  few  years  since,  of 
authorizing  the  most  competent  observers  of  the  Service  to  make  local 
forecasts  for  their  own  station  and  immediate  vicinity,  has  been  very 
highly  gratifying  iu  its  success,  and  no  less  than  forty-five  observers 
at  the  date  of  this  rei)ort  are  making,  with  a  fair  degree  of  success,  fore- 
casts of  the  weather  and  temi)erature  for  their  stations.  Although 
this  marked  step  in  advance  has  been  practically  made,  yet  it  was  not 
until  the  present  year  that  the  Chief  Signal  Officer  succeeded  in  hav- 
ing this  system  officially  recognized  by  Congress.  The  appropriation 
made  by  the  last  Congress  incorporated  thei-ein  unchanged  the  esti- 
mates made  by  the  Chief  Signal  Officer,  whereby  twenty  of  these 
competent  and  deserving  observers  will  be  officially  recognized  in  their 
position  as  local  forecast  officials  with  increased  compens«ation  for  these 
imiwrtant  duties.  It  is  hoped  and  believed  that  this  system,  initiated 
by  the  Chief  Signal  Officer,  will  be  further  extended  during  the  coming 
year.  The  local  forecasts  thus  made  have  been  given  equal  or  greater 
prominence  than  the  forecasts  made  at  Washington,  and  in  no  case 
has  the  publication  of  the  local  forecasts  been  delayed  in  order  to 
distribute  with  them  the  general  forecasts  made  at  the  central  office  at 
Washington.  ' 

WEATHER  AND  COLD-WAVE  SIGNALS. 

There  are  no  less  than  1,127  stations  to  which  weather,  frost,  and 
cold-wave  signals  have  been  distributed  by  telegraph  at  the  expense  of 
the  Government,  at  such  period  of  the  year  as  each  displayman  desires 
them. 
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WEATHBE  MAPS. 

The  gratuitous  issue  of  semi-daily  weather  maps  to  commercial 
bodies,  adjacent  post  offices,  educational  institutions,  railway  stations, 
and  prominent  business  firms  has  been  continued  during  the  year 
with  increased  interest  and  efficiency.  There  are  no  less  than  fifty 
stations  IVom  which  the  current  maps  are  sent  out  by  messenger  or 
mail  within  an  unusually  brief  time,  averaging  less  than  two  hours 
•  after  the  I'eceipt  of  the  last  telegraphic  report.  Six  stations  send  both 
the  night  and  the  evening  edition,  viz.:  Boston,  Chicago,  Cincinnati, 
Harrisbnrg,  New  York,  and  Saint  Louis. 

At  a  few  stations  the  type  in  use  is  becoming  illegible,  but  the  sub- 
appropriation  would  not  permit  its  replacement,  which,  contemplated 
this  year,  had  to  be  deferred,  owing  to  the  insufficient  sub-appropria- 
tion. Each  observer  has  been  permitted  to  use  the  method  with  which 
he  thought  the  best  iresults  could  be  obtained,  whether  costly  or  cheap, 
by  regular  type  with  metal  symbols,  by  milleograph,  or  by  cyclostyle. 

Very  marked  improvements  in  the  general  appearance  and  legibility 
of  the  maps  have  been  made  during  the  year.  The  Chief  Signal  Officer 
became  satisfied,  on  a  personal  consideration  of  the  subject,  that  at  all 
stations,  as  at  Washington,  maps,  in  addition  to  the  usual  lines  of  equal 
temperature  and  pressure,  could  also  graphically  exhibit  marked 
changes  in  temperature  and  excessive  rainfall  over  extended  areas 
since  the  last  report.  Sergeant  John  W.  Smith,  on  duty  at  Boston, 
Mass.,  one  of  the  most  competent  observers  in  the  Service,  having  been 
personally  directed  to  experiment  in  this  direction,  soon  demonstrated 
the  possibility  and  legibility  of  such  graphic  methods  which  before 
9eeme<l  impracticable  with  the  small  means  and  economical  devices  in 
vogue  at  stations.  Later,  Sergeant  L.  M.  Dey  devised  a  shading  appa- 
ratus for  these  conditions  by  using  colored  inks,  applied  with  corru- 
gated rollers.  The  application  of  these  methods  has  become  as  gen- 
eral as  the  limited  sub-appropriation  would  permit,  and  the  style  and 
class  of  maps  now  put  forth  by  many  observers  of  the  Signal  Corps 
leaves  little  to  be  desired  either  in  legibility  of  text,  in  clearness  and 
simplicity  of  graphic  methods,  or  in  artistic  excellence.  The  plan 
adopted  by  the  Chief  Signal  Officer  of  complimenting  monthly  the  five 
observers  who  excel  in  map  work  has  stimulated  the  activity  of  all  ob- 
servers, and  resulted  in  an  unusually  large  proportion  of  observers  be- 
coming more  or  less  expert  as  map  makers.  Further  liberty  has  been 
given  observers  in  their  methods  of  map  making,  whereby  each  observer 
was  directed  to  himself  carefully  consider,  and  also  to  consult  local 
authorities  as  to  the  business  interests  most  intimately  concerned  in 
the  prompt  and  legible  dissemination  of  meteorological  information,  in 
order  tliat  the  local  map  might  contain  such  data  as  was  most  accepta- 
ble and  of  the  greatest  benefit  in  their  respective  localities.  A  stand- 
ard map,  based  on  the  observer's  recommendation,  was  then  approved 


12 


KEPORT   OF   THE   CHIEF   SIGNAL   OFFICER. 


for  each  station,  from  which,  in  order  to  secure  iiniforinity,  no  devia- 
tion is  permitted  except  on  a  renewed  recommendation  of  the  local  ob- 
server. 

No  doubt  exists  that,  at  present,  the  maps  issued  by  this  Service  are 
unrivaled  as  to  their  legibility,  simplicity,  and  general  appearance, 
while  as  to  promptness  of  issue,  and  its  extent,  whether  in  number  of 
copies  issued  or  distance  sent,  the  Signal  Service  of  the  United  States 
is  not  even  approached  by  any  other  meteorological  service. 

The  number  of  maps  issued  duiing  the  j-ear  exceeds  considerably 
one  and  one-eighth  million  copies,  and  even  this  large  number  is  en- 
tirely inadequate  to  meet  the  growing  wants  and  demands  of  the  coun- 
try, and  was  assisted  during  the  past  year  by  the  sub-appropriation 
available,  which  amounted  to  only  $15,000.  There  is  no  reason  why, 
with  the  liberal  and  unrestricted  appropriation  for  the  next  year,  the 
issue  should  not  reach  1,500,000  copies. 

It  is  proper  to  remark  that  the  remarkable  increase  for  the  past  four 
years  has  been  a  strictly  legitimate,  healthy  growth,  resulting  from  in- 
creased interest  in  the  subject  of  the  weather.  The  Chief  Signal 
Officer  has  folloAved  a  progressive  policy  as  to  the  distribution  of  these 
maps,  and  has  disapproved  and  discouraged  any  methods  calculated  to 
build  up  an  apparent  or  fictitious  circulation  of  these  valuable  publica- 
tions. ^ 

The  following  list  shows  the  increased  circulation  since  1886,  when 
the  Chief  Signal  Officer  took  charge  of  this  work : 


Issued  at— 


Washington  City 
other  stations... 


Total, 


i886-'87. 

i8S7-'88. 

iS88-'89. 

x889-*90. 

136,000 

52.248 

117,750 
274.411 

i75»a» 
683,947 

193,  HO 
876,394 

178,248 

392, 161 

858,947 

1,069,534 

z890-'9Z. 


191, 846 
1,007,156 

1,199,002 


That  the  increase  of  interest  is  among  the  people  at  large,  and  not 
stimulated  at  the  central  office  at  Washington,  is  shown  by  the  fact  that 
the  increase  in  issue  at  the  central  office  in  the  past  five  years  has  been 
only  62  per  cent.,  which  corresponds  closely  with  the  increase  in  the 
general  work  of  the  Bureau.  Outside  of  Washington,  however,  the 
maps  issued  increased  from  52,248  in  the  fiscal  year  ending  June  30, 
1887,  to  1,007,156  copies  in  the  past  fiscal  year,  an  increase  of  1,828  per 
cent,  in  five  years.  Formerly  the  issue  of  maps  for  the  entire  country 
outside  of  Washington  amounted  to  less  than  one-third  of  the  whole 
number;  at  present  it  exceeds  84  per  cent. 


WEATHEE  EEPORTS  FROM  THE  WEST  EJDIES. 

The  project  of  obtaining  reports  from  the  West  Indies  by  the  co- 
operation of  the  United  States  consuls,  which  was  under  consideration 
last  year,  was  successfully  put  in  operation  early  in  the  present  year. 
Through  the  courtesy  of  the  Department  of  State,  the  Chief  Signal 
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Officer  perfected  arrangements  for  the  establishment  of  anxiliary  sta- 
tions at  Saint  ThomJis,  San  Domingo,  Kingston,  and  Santiago  deCuba. 
Two  observations  are  taken  daily  at  specified  times,  and  in  case  of 
marked  atmospheric  changes  a  special  observation  is  at  once  taken 
and  telegraphed.  For  economic  rejisous,  but  one  special  report  is 
paid  for  daily.  The  period  of  observations  is  from  July  16  to  October 
15,  or  in  other  words,  during  the  hurricane  season. 

These  reports  from  the  West  Indies  are  telegraphed  by  si>ecial  mes- 
sage to  the  observer  at  Key  West,  Fla.,  who  enciphers  them  in  the 
code  used  by  this  Service,  combines  them  in  one  special  message  and 
telegraphs  them  to  the  observer  at  Jacksonville,  Fla.,  at  which  i)oint 
they  are  placed  on  the  Jacksonville  and  Washington  circuit  and  thus 
reach  the  central  office.  By  special  arrangements  with  observers  at 
the  West  India  stations,  cablegrams,  at  the  expense  of  this  Service,  are 
also  sent  at  the  approach  of  hurricanes  from  October  15  to  July  15. 

Correspondence  was  had  with  Prof.  Charles  Carpmael  of  the 
Canadian  Meteorological  Service,  with  a  view  of  receiving  reports 
from  Bermuda  Island  through  the  Toronto  office,  which  will  be  done 
iis  soon  as  that  service  perfects  its  arrangements  with  the  Halifax 
Cable  Company  as  to  the  rate  to  be  paid.  In  the  meantime,  whenever 
unusual  meteorological  conditions  obtain  at  Bermuda,  this  service  re- 
ports direct  from  that  island  at  the  expense  of  the  United  States 
through  the  courtesy  of  General  Kussell  Hastings,  who  voluntarily 
and  personally  performs  this  valuable  scientific  work  for  the  Signal 
Office. 

Through  the  courtesy  of  Professor  Carbonnelly,  Director,  Maritime 
Meteorological  Office,  Havana,  Cuba,  daily  reports  have  been  received 
regularly  firom  Havana.  The  Chief  Signal  Officer  acknowledges  with 
pleasure  the  continued  interest  and  cooperation  of  Padre  Vines,  S.  J., 
*u  connection  with  hurricane  reports  and  forecasts. 

HYDEOGRAPHIC  OFFICE. 

During  the  past  year  the  observers  in  charge  of  the  stations  at 
Brownsville,  Charleston,  Eastport,  Galveston,  Key  West,  Mobile,  New 
London,  Pensacola,  San  Diego,  Southport,  and  Wilmington  have  con- 
tinned  to  perform  for  the  Hydrographic  Office  of  the  Navy  such  mari- 
time meteorological  work  as  would  not  interfere  with  their  regular  sta- 
tion duties. 

EIVEKS  AND  FLOODS. 

Prof.  Thomas  Russell  has  continued  in  charge  of  the  river  and 
flood  service  of  this  Bureau  during  the  year.  It  lias  been  long  evident 
to  the  Chief  Signal  Officer  that  this  division  was  one  of  such  import- 
auce  as  to  command  the  complete  attention  of  one  of  the  professors  of 
this  Service,  consequently  Professor  Russell  was  relieved  in  May,  1891, 
from  all  other  duties,  and  was  directed  to  devote  his  entire  attention 
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to  a  careful  investigation  of  flood  conditions  in  order  that  satisfactory 
rules  for  predicting  the  stages  of  rivers  might  be  elaborated. 

Observations  of  the  heights  of  rivers  have  been  made  at  27  regular 
Signal  Service  stations  and  at  1Q9  special  river  stations.  Supplemen- 
tary to  these,  50  rainfall  stations,  located  on  the  headwatere  of  the 
most  important  tributaries  of  the  great  rivers,'  have  been  maintained, 
since  speedy  and  accurate  information  of  heavy  rainfalls  at  such  points 
is  of  great  importance  in  forecasting  river  changes.  Thirty-eight 
special  river  stations  have  l>een  established  during  the  year,  a  majority 
of  these  being  in  the  south  Atlantic  states,  for  the  benefit  of  the  various 
industries  along  the  Alabama,  Coosa,  Tallapoosa,  and  other  rivers  in 
that  section. 

During  the  time  of  the  high  water  in  the  Ohio  and  Mississippi  rivers, 
when  a  heavy  rainfall  of  a  single  day  might  have  brought  about  a  re- 
currence of  disastrous  floods,  special  attention  was  given  to  distribut- 
ing widecast  through  the  sections  interested,  bulletins  showing  the 
daily  stages  and  changes,  accompanied  by  definite  predictions  for  sev- 
eral days  in  advance.  Professor  Eussell  announced  with  a  close  de- 
gree of  approximation  the  crest  of  the  high  waters  expected,  which 
predictions  were  well  verified  both  as  to  date  and  stage. 

On  April  2,  owing  to  the  threatening  condition  of  the  rivers  and  the 
general  feeling  of  insctjurity  engendered  by  the  disastrous  floods  dur- 
ing the  spring  of  1890,  the  Chief  Signal  Officer  put  forth  a  special  river 
bulletin  for  the  lower  Mississippi  valley,  wherein  he  set  forth  that  the 
river  at  Cairo  would  rise  in  the  next  week  to  about  45  feet,  but  that 
the  high  stage  of  water  then  prevailing  in  the  lower  rivers  (48  feet  at 
Vicksburg)  could  scarcely  be  maintained,  and  that  any  further  rise 
would  not  exceed  a  few  tenths  of  a  foot.  This  forecast,  which  proved 
to  be  correct,  restored  the  confidence  of  the  people  in  the  lower  Missis- 
sippi valley.  Special  reports  and  timely  forecasts  were  furnished  to 
engineers  in  charge  of  levees,  and  to  other  interested  parties  in  the 
threatened  districts. 

As  will  appear  from  Professor  Eussell's  report  (Appendix  No.  4), 
the  correct  warnings,  given  in  ample  time,  proved  to  be  of  great  benefit 
to  owners  of  stock  and  other  exposed  and  movable  property. 

The  important  work  of  devising  satisfactory  rules  for  forecasting 
river  stages  has  been  pursued  by  Professor  Russell,  and  his  results  are 
incorporated  in  the  report  submitted  herewith,  wherein  they  are 
properly  entitled :  "  Practical  Rules  for  the  Prediction  of  Flood  Stages 
of  Rivers  in  the  United  States." 

Despite  the  long- continued  series  of  river  observations,  covering 
many  years,  this  is  the  first  attempt  to  utilize  the  records  in  the  deri- 
vation of  practical  rules  for  forecasting.  These  rules  cannot  be  de- 
termined with  the  same  degree  of  accuracy  for  every  place,  since,  as  a 
rule,  the  less  the  proportion  of  drainage  area  between  two  dependent 
gauges  on  a  river,  so  much  the  more  accurately  can  the  resultant  stage 
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at  the  lower  one  bo  predicted.  For  instance,  the  stage  of  the  Ohio 
River  at  Cincinnati,  produced  from  a  drainage  area  of  78,000  square 
miles  of  territory,  is  the  result  of/ the  stages  of  two  or  three  days 
previous  at  Parkersburgh,  W.  Va.,  Charleston,  W.  Va.,  Louisa,  Ky., 
an<l  Circleville,  Ohio,  but  a.s  thcro  are  over  20,000  square  miles  of  drain- 
age area  between  the  last  point  named  and  Cincinnati,  the  prediction 
of  the  river  st^ige  for  the  last  named  point  must  be  somewhat  indeter- 
minate. Other  sources  of  uncertainty  are  indicated  by  Professor  Rus- 
sell in  his  most  valuable  and  interesting  report  (Appendix  No.  4).  He 
farther  points  out  that  the  proportional  efiects  from  rise  of  the  differ- 
ent tributaries  can  be  siscertained  only  by  discharge  measurements, 
since  the  same  stage  of  water  on  different  rivers  corresponds  to  very  dif- 
ferent quantities  of  water  and  area  of  cross  section  of  the  river.  It  is 
therefore  to  be  anticipated  that  more  satisfactory  rules  for  predicting 
river  stages  can  be  formulated  in  proportion  as  river  records,  covering 
extended  periods,  become  available.  Doubtless,  too,  the  analysis  of 
rainfall  observations,  which  Professor  Russell  is  now  undertaking,  will 
result  in  an  improvement  of  the  rules.  By  the  present  rules  the  great- 
est error  in  a  predicted  stage  for  Cincinnati  should  not  exceed  three 
feet-,  and  for  Cairo  and  the  lower  Mississippi  river  it  should  be  much 
less.  The  probable  error  at  Cairo  is  not  plus  or  minus  1.2  foot,  while 
the  largest  error  likfely  to  occur  is  placed  at  3.0  feet.  These  errors  re- 
sult largely  from  the  fact  that  above  Cairo  there  are  drainage  basins  of 
108,000  square  miles  which  do  not  pass  Saint  Louis,  Cincinnati,  Chat- 
tanooga, or  Nashville,  the  places  on  whose  gauge  readings  the  pre- 
dictions for  Cairo  necessarily  depend.  However,  even  with  present 
imperfections  in  records  and  methods,  the  predictions  for  the  Missis- 
sippi and  Ohio  this  year  gave  very  general  satisfaction.  The  special 
bulletin  issued  February  25,  1891,  gave  the  forecasts  and  stages  for 
five  places  in  the  lower  Mississippi  valley,  for  nine  to  thirteen  days  in 
advance,  with  such  a  degree  of  accuracy  that  the  actual  stages  differed 
from  the  predicted  results  only  by  about  one-tenth  of  a  foot,  while  the 
maximum  error  was  only  four-tenths  of  a  foot. 

The  relative  effect  of  different  rivers  in  producing  freshets  waves 
might  be  supposed  (though  incorrectly)  to  be  nearly  proportional  to 
their  drainage  areas.  It  is  important  to  note  that  the  average  slope 
in  drainage  basins  and  the  permeability  of  the  soil  determine  largely 
the  action  of  rivers  in  producing  floods.  Professor  Russell  is  investi- 
gating rainfalls  in  detail,  and  expects  to  ascertain  for  each  river  basin 
the  quantity  of  rainfall,  its  distribution,  and  the  consequent  recurring 
river  stages. 

Professor  Russell  also  expects  much  from  gauging  the  important 
tributaries  of  the  Ohio  River,  viz. :  the  Wabash,  Green,  Kentucky,  Big 
Sandy,  for  which  purpose  Congress  has  appropriated  S<4,000  for  use 
during  the  coming  fiscal  year.  The  method  proposed  for  this  work  ap- 
pears in  Professor  Russell's  report* 
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Considering  the  enormous  amounts  involved  in  the  interests  of  our 
navigable  rivers,  it  may  safely  be  said  that  there  is  no  branch  of  the 
Weather  Service  from  which  the  public  derives  so  much  benefit,  in  pro- 
portion to  the  sum  expended,  as  from  the  Eiver  and  Flood  Division, 
with  its  special  sub-appropriatiou  of  $17,000. 

There  has  been  continued  during  the  year  the  publication,  by  the 
milleograph  j)rocess,  of  the  stages  of  the  principal  rivers  of  the  United 
States.  The  following  three  parts  of  this  very  valuable  compilation 
have  been  completed : 

'^  I.  Stages  of  the  Ohio  Eiver  and  its  principal  tributaries,  1858  to 
1889,  inclusive,'*  377  pages. 

''IT.  Stages  of  the  Mississippi  River  and  of  its  principal  tributaries, 
except  the  Ohio,  1860  to  1889,"  525  pages. 

*'in.  Stages  of  water  at  miscellaneous  river  stations  in  California, 
Oregon,  North  Carolina,  etc.,  1875  to  1887,  inclusive,''  143  pages. 

About  fifty  copies  of  each  have  been  produced,  which  have  been  dis- 
tributed to  the  most  important  stations  of  this  Service,  to  a  few  public 
libraries  in  the  region  of  the  stations,  to  various  engineers  engaged  in 
river  work,  and  to  the  Missouri  and  Mississippi  River  Commissions. 
These  volumes  show  all  the  river  stages  observed  by  the  Signal  Service 
up  to  January  1, 1890,  except  for  places  where  the  stages  have  already 
been  printed  by  the  Mississippi  River  Commission. 

MONTHLY  WEATHER  REVIEW. 

The  Monthly  Weather  Review,  regularly  published  during  the 
year,  has  been  based  on  data  received  from  an  average  of  3,300  ob- 
servers. The  policy  initiated  by  the  present  Chief  Signal  OflScer  of 
[mblishing  rainfall  and  temperature  data,  rendered  by  every  voluntary 
observer  of  the  Service,  has  increased  the  interest  in  this  publication. 

In  addition  to  the  treatment  of  current  meteorological  conditions, 
there  have  been  added  from  time  to  time,  as  opportunity  and  space 
would  permit,  other  meteorological  data  of  great  value.  In  this  man- 
ner there  have  been  published  during  the  past  few  years  data  show- 
ing the  warmest  and  coldest  months,  also  the  wettest  and  driest  months, 
covering  a  period  of  20  years  and  corresponding  to  the  month  for  which 
the  Review  is  issued.  It  is  beyond  question  that  the  Monthly 
Weather  Review  is  the  most  extensive  and  complete  climatic  pub- 
lication extant,  and  that  an  examination  of  its  pages  will  give  fuller 
climatic  data  for  the  United  States  than  can  be  found  elsewhere  for 
any  equal  area  on  the  face  of  the  globe. 

INTERNATIONAL  WORK  OF  THE  UNITED  STATES  SIGNAL 

SERVICE. 

In  pursuance  of  a  plan  of  co-oi)eration  recommended  by  the  Vienna 
Meteorological  Congress  of  September,  1873,  the  work  of  inaugurating 
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a  system  of  international  daily  simultaneous  meteorological  observa- 
tions was  begun  by  the  Chief  Signal  Oflficer  of  the  United  States  Army 
in  the  fall  of  1873,  and  by  July^l875,  the  number  and  distribution  of 
reports  received  warranted  the  publication  of  the  Bulletin  of  Daily 
Simultaneous  Observations. 

The  work  thus  commenced  rapidly  developed  and  proved  the  most 
gigantic,  important,  and  successful  undertaking  in  the  history  of 
meteorology.  During  thirteen  years,  1875  to  1887,  inclusive,  the  land 
observations  of  this  Service  covered  the  countries  of  almost  the  entire 
I^orthem  Hemisphere  and  a  part  of  the  Southern  Hemisphere,  reports 
were  received  from  regular  naval  and  merchant  marine  vessels  of  the 
principal  countries  of  the  Northern  Hemisphere,  and  over  150,000 
monthly  reports,  representing  upward  of  5,000,000  daily  simultaneous 
observations,  were  received  at  the  Office  of  the  Chief  Signal  Officer  at 
Washington  City. 

The  co-operation  of  the  United  States  Navy  was  begun  in  1877,  in 
accordance  with  a  General  Order  of  the  Seci'etary  of  the  Navy,  dated 
December  25, 1876.  Observations  were  received  from  a  number  of 
vessels  of  the  merchant  marine  during  that  year,  and  substandard 
barometers  for  comparing  and  correcting  ships'  barometers  were  placed 
in  the  Maritime  Exchange,  New  York  City,  and  in  the  Merchants 
Exchange,  San  Francisco,  Cal.  Through  the  co-operation  of  the 
navies  of  Great  Britain,  France,  Sweden,  Italy,  and  Portugal,  and  of 
a  number  of  the  great  steamship  companies,  foreign  and  domestic, 
and  also  of  the  "  New  York  Herald  Weather  Service,"  the  number  of 
vessels  reporting  was  increased  to  over  400  by  1882.  In  this  year 
marine  agencies  for  the  collection  of  vessel  reports  and  the  compari- 
son of  instruments  were  established  at  the  principal  sea])orts  of  the 
Atlantic  coast,  and  a  considerable  number  of  instruments  for  taking 
observations  were  issued  to  vessels  of  the  United  States  Navy  and  to 
captains  of  vessels  of  the  merchant  marine  engaged  in  the  work.  As 
a  result  of  the  establishment  of  the  marine  agencies  the  number  of 
vessels  furnishing  daily  simultaneous  observations  rapidly  increased, 
and  at  the  close  of  1887,  when  this  branch  of  the  Service  was  transferred 
to  the  Hydrographic  Office,  Navy  Department,  reports  were  received 
from  nearly  dOO  vessels. 

The  number  of  foreign  land  stations  increased  to  a  total  of  459,  ex- 
clusive of  the  international  polar  stations,  and  the  following  named 
countries  co-operated  during  a  part  or  the  whole  of  the  period,  1875  to 
1887:  Algeria,  Australia,  AustroHnngary,  Belgium,  Brazil,  Great 
Britain,  Canada,  Cape  Colony,  Chile,  China,  Costa  Rica,  Denmark, 
Egypt,  France,  Germany,  Greece,  Hawaiian  Islands,  India,  Italy, 
Japan,  Mauritius,  Mexico,  The  Netherlands,  Norway,  Russia,  Scotland, 
Spain,  Sweden,  Switzerland,  and  Turkey.  In  addition  to  the  reports 
fomifihed  by  the  regular,  services  of  the  several  countries  observations 
were  made  and  forwarded  from  the  islands  of  the  North  Atlantic 
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Ocean,  Central  America,  northern  SoHth  America,  Bering  Island,  the 
Aleutian  Islands,  Alaska,  Greenland,  and  Iceland. 

At  a  meteorological  congress  held  in  Eome,  Italy,  in  April,  1879, 
the  work  of  international  observations  was  encouraged,  and  the  publi- 
cations of  the  United  States  Signal  Service  were  mentioned  as  models 
of  work  to  be  desired  in  Europe.  By  resolutions  of  the  meteorological 
congresses  at  Hamburg,  in  1879,  and  at  Saint  Petersburg,  in  1881,  de* 
tails  for  the  establishment  of  polar  stations  were  arranged,  and  it  was 
definitely  understood  that  the  series  of  polar  observations  should  begin 
August  1,  1882.  One  of  the  United  States  expeditions  under  the 
command  of  First  Lieutenant  A.  W.  Greely,  Fifth  Cavalry,  Acting 
Signal  Officer  and  Assistant,  sailed  from  Saint  Johns,  Kewfoundlaud, 
July  7,  1881,  and  reached  Lady  Franklin  Bay  August  11,  1881; 
the  other,  under  the  command  of  First  Lieutenant  P.  H.  Ray,  Eighth 
Infantry,  Acting  Signal  Officer,  sailed  from  San  Francisco,  Cal.,' July 
18, 1881,  and  arrived  at  Point  Barrow,  Alaska,  September  8,  1881. 
International  polar  stations  were  also  established  as  follows:  By 
Austro-Hungary,  at  Jan  Mayen;  by  Denmark,  at  Godthaab;  by  Fin- 
land at  Sodalynka;  by  France,  at  Orange  Bay,  Cape  Horn;  by 
Germany  at  Kingawa  Fiord,  Cumberland  Sound,  and  at  Eoyal  Bay, 
S.  Georgian  Islands;  by  Great  Britain  and  Canada  at  Fort  Bae, 
British  America;  by  Holland,  at  Dicksonhaven;  by  Norway  at  Bos- 
sekop;  by  Bussia  at  the  Lena  Delta  and  Nova  Zembla;  and  by 
Sweden,  at  Spitzbergen. 

The  international  publications  of  the  Signal  Service,  which  com- 
menced with  the  regular  issue  of  the  Daily  Bulletin  of  Simultaneous 
Observations  in  July,  1875,  embody  data  whose  value  cannot  be  over- 
estimated. The  network  of  stations  which  covered  the  Northern 
Hemi8i)here  for  a  period  of  years  furnished  a  vast  number  of  reliable 
observations,  the  study  of  which  has  in  no  small  measure  contributed 
to  recent  discoveries  and  advance  in  meteorology,  and  in  future  inves- 
tigations these  observations  will  be  invaluable.  In  the  following  table 
are  given  the  dates  upon  which  the  several  international  publications 
were  commenced  and  discontinued : 


Name  of  publication. 


Date  commenced. 


Date  discontinued. 


Daily  Bulletin  of  Simultaneous  Observations |  July  r,  1875 June  30, 1SS4 

Monthly  Mean  Charts  of  Pressure  and  Temperature  of  ' 

Northern  Hemisphere 

Storm-track  Charts  of  Northern  Hemisphere 

Daily  International  Maps 

Do 

•Monthly  Summary  and  Review 

Monthly  Summary 


J!\nuarv,  1877 Dcceml:»er,  18S7. 

November,  1877...    Decern l)er,  1SS7. 

July  1,  1S78 June  30,  1SS4. 

October  i,  1886....,  Doceml>er  31, 1887. 

July,  1880 '  l)ecen)l)er,  1SS7. 

January,  1888 ;  June,  1889. 


•Prior  to  1883  this  subject  was  embodied  in  the  Monthly  Weather  Review. 

With  the  virtual  discontinuance  of  international  work  after  1887  the 
Chief  Signal  Officer  ordered  the  preparation  of  a  summary  of  observa- 
tions showing  for  each  station  of  the  international  series  the  means  of 
ten  years'  (1878  to  1887,  inclusive)  observations.    This  summary  was 
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preiKiredy  together  with  charts  showiug  the  monthly  mcau  pressure 
and  prevailing  winds  over  the  Northern  Hemisphere,  under  the  personal 
direction  of  the  Chief  Sigual  Officer,  by  Mr.  E.  B.  Garriott,  formerly  of  the 
Signal  Corps,  In  the  preparation  of  the  charts  (Nos.  1-12)  the  series 
of  international  polar  observatious  was  used,  together  with  all  availa- 
ble observations  taken  throughout  the  Northern  Hemisphere.  Addi- 
tional charts  (Nos.  1^21)  were  prepared  showing  the  normal  pressure 
changes  from  month  to  month  over  the  Northern  Hemisphere,  and 
charts  showing  in  Hgures  the  number  of  storm-centers  which  passed 
over  each  square  of  6°,  and  by  lines  the  most  frequent  tracks  of  storms 
in  ten  years.  These  publications  and  charts  are  based  u[)on  an  un- 
pandleled  series  of  observations ;  they  represent  graphically  the  labor 
of  m«teorok)gists  throughout  the  civilized  world  for  a  i)eriod  of  thirteen 
years;  they  are  unique  in  the  annals  of  meti^orology ;  and  their  proper 
presentation,  rendered  impracticable  heretofore  owing  to  insufficient 
funds,  is  alone  needed  to  class  them  with  the  most  treasured  products 
of  modem  meteorology.  In  completing  this  work,  the  Chief  Signal 
Officer  has  compiled  maps  showing  the  mean  pressure  of  the  Northern 
Hemisphere  as  deduced  fh)m  ten  years'  observations  under  this  system, 
and  has  charted  areas  of  storm  frequency,  which  valuable  contribu* 
tions  are  appended  to  this  report. 

STATE  WEATHER  SERVICES. 

The  report  of  Major  H.  H.  C.  Dunwoody  on  state  weather  services 
co-operating  with  the  Signal  Service  for  the  last  fiscal  year  forms  Ap- 
pendix No.  6.  This  report  while  setting  forth  in  very  considerable 
detail  the  history  of  the  state  and  local  weather  services  now  in  oi>era- 
tion,  yet  conveys  a  very  inadequate  idea  of  the  progress  made  during  the 
past  year,  and  is  likewise  deficient  in  not  setting  forth  the  fact  that 
many  of  these  services  are  state  weather  services  only  in  name,  and 
that  their  standing  and  organization  are  due  to  indispensable  assist- 
ance both  in  men  and  material  from  the  Signal  Service,  without  which 
these  services  could  not  have  lived  for  a  day. 

The  Chief  Signal  Officer  pointed  out  in  his  last  report  the  evident 
necessity  of  drawing  a  sharp  distinction  between  state  services  which 
actually  oo-operate  with  the  National  Service  and  those  which  have 
been  practically  maintained  at  the  expense  of  the  National  Service, 
using  thest^ite  name  with  the  expectation  of  favorable  legislative  action 
whereby  appropriations  would  make  these  services  independent  of  tlie 
General  Sef\'ice  and  give  them  suitable  standing.  The  Chief  Signal 
Officer  has  not  carried  out  the  line  of  policy  set  forth  in  the  last  roi)ort, 
that  aid  should  bo  with<lrawn  from  such  services  as  were  unable  even 
to  print  the  accumulated  observations  for  the  benefit  of  the  state  after 
having  clerical  assistance,  stationery,  office  supplies,  and  even  instru- 
ments ftirnished  by  the  National  Service.  The  Chief  Signal  Officer 
thought  it  best  to  turn  over  in  an  unimpaired  condition  these  orgauv 
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zations  to  the  new  administration  of  the  Weather  Bureau,  with  the  pro- 
posed plan  of  distributing  the  information  for  the  benefit  of  the  farm- 
ers and  in  the  interest  of  agriculture  generally.  It  did  not  appear, 
however,  proper  to  the  Chief  Signal  Officer  to  longer  recognize  on  the 
same  footing  with  important  services,  such  as  those  of  New  York,  Ohio 
and  others,  such  organizations  as  those  of  Alabama,  Mississippi, 
Dakota,  etc.,  which,  so  far  as  the  Chief  Signal  Officer  knew,  had  never 
received  a  dollar  from  their  own  legislatures*,  but  had  drawn  their 
subsistence  entirely  from  the  appropriations  of  the  National  Govern- 
ment. 

A.  state  weather  service  is  beyond  doubt  beneficial  to  its  own  com- 
munity, and  forms  an  important  and  valuable  adjunct  to  the  National 
Service;  but  the  permanent  maintenance,  under  themisdesignation  of 
state  weather  services,  of  organizations  wherein  the  nominal  chiefs  are 
practically  figureheads,  and  the  managing  assistants  are  employed, 
designated,  and  paid  by  order  of  the  chief  of  the  National  Service,  to 
whom  they  are  entirely  subject,  must  be  detrimental  to  the  public  in- 
terest. The  General  Government  does  not  receive  due  credit  for  the 
work  it  pays  roundly  for,  and  the  separate  states  are  put  in  the  false 
position  of  receiving  a  gratuitous  organization  which  is  not  cared  for, 
or  of  willing  dependence  on  the  Nation  for  the  support  of  a  service 
maintained  and  intended  solely  for  their  local  benefit. 

Such  organizations  are  undoubtedly  valuable  local  agent-s  to  influ- 
ence public  opinion  in  matters  of  legislation  and  appropriations,  but 
they  should  be  maintained  under  their  true  guise  as  branch  offices  of 
the  National  Service.  The  reports  of  his  inspection  officers  on  this 
subject  left  no  doubt  as  to  the  advisabiHty  of  such  course,  and  conse. 
quently,  as  far  as  lay  in  his  power,  the  Chief  Signal  Officer  has  placed 
such  services  as  are  alluded  to  on  a  sound  and  genuine  basis  of  branch 
offices. 

PACIFIC  COAST  SERVICE. 

The  meteorological  work  pertaining  to  the  Pacific  coast  has  been 
performed  by  Lieutenant  John  P.  Finley,  at  San  Francisco,  during  the 
year.  In  carrying  out  the  instructions  of  the  Chief  Signal  Officer,  di- 
recting that  "  every  effort  will  be  made  to  increase  the  usefulness  of 
the  service,"  Lieutenant  Finley  has  displayed  great  energy  and  phe- 
nomenal industry,  and  there  is  no  doubt  that  his  efforts  have  resulted 
in  largely  increasing,  with  respect  to  this  service,  the  public  interest 
in  that  section  of  the  country.  The  Chief  Signal  Officer,  appreciating 
the  phenomenal  growth  in  late  years  of  the  Pacific  slope  in  population, 
industries,  and  other  material  interests,  has  favored  with  perhaps  un- 
due, and  certainly  disproportional,  liberality  the  growing  wants  of  the 
branch  office  in  San  Francisco,  and  besides  largely  increasing  its 
facilities  has  extended  to  that  office  the  map  system  in  vogue  through- 
out the  eastern  part  of  the  country. 
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The  consolidation  of  the  office  of  observation  with  that  of  the  officer 
in  charge,  while  proving  somewhat  objectionable  to  certain  interests, 
and  also  involving  increased  expense,  yet  as  a  whole  has  inared  to 
the  general  benelit  of  the  public. 

Owing  to  the  pressure  of  his  duties,  and  as  requested  by  Lieutenant 
Finley,  he  was  exempted  from  the  performan^ce  of  inspection  duty  which 
had  always  devolved  on  his  predecessor,  and  also  from  the  work  of 
selecting  and  installing  voluntary  observera.  The  work  in  connection 
with  such  observers  consequently  devolved  on  Sergeant  James  A.  Bar- 
wick,  in  charge  of  the  Sacramento  station,  whose  long  residence  in 
California,  supplemented  by  an  intimate  knowledge  of  the  meteoro- 
logical conditions  of  the  state,  enabled  him  to  perform  this  delicate 
work  to  the  satisfaction  of  the  Chief  Signal  Officer.  In  a  like  manner 
Sergeant  B.  S.  Pague,  in  charge  of  the  Portland  station,  has  most  pro- 
ficiently and  intelligently  performed  these  duties  for  the  state  of 
Oregon.  Sergeants  Barwick  and  Pague  have  also  beeu  charged  with 
the  inspection  of  meteorological  stations  which  the  Chief  Signal  Officer 
was  nnable  to  visit. 

STATIONS  DIVISION. 

The  Stations  Division  has  remained  during  the  greater  part  of  the 
year  under  the  charge  of  2d  Lieutenant  James  Mitchell,  whose  thor- 
oagh  familiarity  with  the  work  of  that  division,  conjoined  with  faithful 
and  intelligent  application  thereto,  has  enabled  him  to  render  most 
material  assistance  to  hLs  Bureau  Chief.  Lieutenant  Mitchell's  in- 
teresting report  forms  Appendix  No.  G. 

At  the  end  of  the  year  there  were  541  stations  in  operation,  of  which 
26  were  first-order  stations  making  continuous  records  by  means  of 
self-registering  instruments,  and  117  were  second-order  stations,  mak- 
ing at  least  two  observations  daily.  Of  the  first  and  second  order  sta- 
tions over  forty  are  now  located  in  public  buildings. 

In  November,  1890,  with  the  concurrence  of  the  U.  S.  Commissioner 
of  Fisheries,  observations  on  the  temperature  of  water  were  discon- 
tinued. These  observations  have  beeu  maintained  by  the  Signal  Ser- 
vice in  the  interest  of  the  Fish  Commission  at  various  stations  on  the 
Atlantic  and  Pacific  coasts  for  the  past  eighteen  years,  and  the  data 
now  accumulated  are  sufficient  to  subserve  the  present  investigations 
of  that  important  bureau. 

EXAMINEK'S  DIVISION. 

Captain  Charles  £.  Kilbourne,  Signal  Corps,  was  in  charge  of  this 
division  at  the  end  of  the  fiscal  year.  Nearly  31,000  papers  relating 
to  money  and  property  accounts  were  received  and  disposed  of  during 
the  year;  the  work  being  up  to  date.  More  than  21,000  vouchers  and 
aoooants-carrent  i)ertaining  to  public  funds  have  been  transmitted  to 
die  accounting  officer  of  the  United  States  Treasury  for  final  aetA^- 
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ment,  \rhile,  under  the  aupervisiou  of  Mr.  George  A.  Warren,  chief 
clerk  of  tho  division,  the  high  character  of  the  auditing  work  has 
been  such  that  not  a  single  paper  which  has  been  certified  to  as  cor- 
rect has  been  returned  by  the  Treasury  Department  as  defective. 

DATA  DIVISION. 

1st  liieuteuant  W.  A.  Glassford,  Signal  Corps,  sets  forth  in  Ap- 
pendix No.  7  the  extremely  valuable  work  done  under  his  direction 
in  the  Data  Division.  JNTearly  two  hundred  thousand  separate  reports 
have  been  received,  examined,  and  disposed  of  during  the  year.  The 
extraordinary  fidelity  and  accuracy  of  the  enlisted  observers  are  illus- 
trated by  the  fact  that  only  twenty-four  monthly  reports  have  been 
forwarded  late,  and  that  the  average  number  of  errors  of  the  311  observ- 
ers is  but  one  in  7,411  entries.  One-tenth  of  the  entire  force  in  the  six 
months  ending  December  31,  1890,  averaged  less  than  one  error  a 
mouth,  that  is,  in  over  twenty  thousand  entries  and  computations. 
As  the  officer  in  charge  of  this  division  says,  this  accuracy  will  compare 
most  favorably  with  the  efficiency  of  any  other  branch  of  the  public 
service. 

The  demand  for  meteorological  data  has  steadily  increased.  In  ad- 
dition to  the  data  furnished  in  office  publications,  there  have  been  fur- 
nished special  data  in  885  instances,  of  wjiich  181  have  been  used  as 
evidence  in  law  cases. 

Among  other  valuable  compilations  of  meteorological  data  prepared 
in  this  division  may  be  mentioned  hourly  wind  travel  at  principal  sta- 
tions, 1881-1890 ;  excessive  precipitation,  for  month,  day,  and  hour  at  all 
stations  from  establishment  to  1890;  tabulation  of  all  temperature  and 
rainfall  data  for  Texas;  charts  of  normal  temperature  for  Michigan  for 
each  month  in  the  year;  charts  of  normal  temperature  at  8  a.  m.  and 
p.  m.  for  t|ie  United  States  for  each  decade  in  the  year;  charts  for  the 
United  States  of  the  absolute  maximums  and  minimums  in  each  decade 
and  also  for  the  year ;  charts  of  average  cloudiness  for  the  United  States 
for  each  month  of  the  year;  charts  for  each  month,  showing  for  the 
United  States  the  probability  of  rain  as  deduced  from  eighteen  years' 
observations ;  charts  of  most  frequent  wind  directions  and  average 
hourly  velocities  at  65  representative  stations  at  8  a.  m.  and  8  p.  m.; 
highest  and  lowest  average  velocities  and  hour  of  occurrence ;  average 
number  of  high  winds  for  each  month  at  the  principal  stations  on  the 
Great  Lakes;  charts  showing  for  the  United  States  the  isobars  and 
isotherms  and  prevailing  wind  for  each  month  from  January,  1871  to 
1873,  inclusive;  tables  indicating  diurnal  fluctuations  of  temperature 
for  each  hour  and  month  .at  selected  stations;  tables  showing  the 
diurnal  fluctuations  of  pressure  of  the  atmosphere  for  each  hour  of  the 
day  and  month  of  the  year  at  selected  stations;  charts  exhibiting  the 
normal  temperature  of  the  United  States  for  each  month  of  the  year; 
charts  and  tables  showing  all  the  temperature  and  rainfall  observa* 
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tions  for  California,  Nevada,  Utab,  Colorado,  Arizona,  and  New 
Mexico,  together  with  data  bearing  on  the  subject  of  irrigation,  sun- 
shine (hours  of),  and  other  climatic  data  bearing  on  the  subject  of  irri- 
gation ;  and  an  index  of  all  meteorological  observations  ever  made  in 
the  United  States. 

It  is  apparent  from  this  list  that  an  immense  amount  of  climatic  data 
has  be^n  put  into  a  pennanent  and  accessible  form  during  the  past 
year.  Such  a  number  of  publications  have  been  rendered  possible  only 
by  the  systematic  arrangement  of  meteorological  data  during  the  past 
four  years,  whereby  over  three  hundred  and  fifty  thousand  scattered 
an<l  inaccessible  forms  have  not  only  been  accumulated  in  part  from  the 
Smitiisonian  Institution  and  from  the  Surgeon  General's  Office,  but 
such  reports  have  been  arranged,  bound,  and  indexed,  so  that  any  re- 
)x>rt  is  instantly  accessible.  This  enormous  task  has  been  completed 
only  within  the  year,  and  its  completion  and  subsequent  compilations 
have  been  possible  only  by  Lieutenant  Glassford's  active  and  intelli- 
gent action,  and  esi^ecially  by  the  assiduous  attention  and  uni*emitting 
labor  of  Mr.  A.  J.  Henry,  chief  clerk  of  the  Data  Division,  whose  appli- 
cation in  this  direction  has  been  so  great  as  to  cause  the  Chief  Signal 
Ofticer  at  times  to  urge  upon  him  a  relaxation  in  his  unceasing  efforts. 

Lieutenant  Glassford  adds  to  his  report  a  valuable  summary  of  the 
development  and  growth  of  meteorology  in  the  United  States.  No 
officer  of  the  Army  can  read  this  report  without  a  feeling  of  pride  that 
the  Army  of  the  United  S^ates  has  supplemented  its  special  duty  of 
garrisoning  and  defending  the  broad  confines  of  our  great  country  by 
active  and  successful  efforts  to  outline  the  great  possibilities  of  the 
country  at  large,  by  determining  with  accuracy  its  favorable  climatic 
characteristics.  The  labors  of  the  officers  of  the  Medical  Department, 
initiated  by  Surgeon  General  Lovell,  have  not  been  lost,  but  must 
be  recognized  as  the  very  foundation  of  climatology  in  the  L'nited 
States,  and  in  carrying  out  the  recommendation  of  Cai)tain  (afterward 
General)  George  G.  Meade,  his  jnofessional  brethren  in  the  Corps 
of  Engineers  laid  the  country  under  obligations  for  valuable  physical 
data  i)€rtaining  to  the  meteorology  of  the  Lake  region  and  the  valley 
of  the  Mississippi.  The  work  of  the  Signal  Cor[)s  can  not  bespoken  of 
with  the  same  freedom,  but  the  Chief  Signal  Ofticer  has  elsewhere  (in 
bis  farewell  to  the  men  of  the  Weather  Bureau,  Appendix  No.  8) 
said:  ''The  Chief  Signal  Ofticer  knows  and  fully  appreciates  the  as- 
siduous and  invaluable  co-o[)eration  of  the  officers  of  tin*  Army,  whose 
labors  iu  organizing,  developing,  and  operating  the  meteorological 
work  of  tills  Service  will  never  be  adequately  stated  or  generally  recog- 
nizee!. It  is,  however,  a  matter  of  record  that  the  meteorological 
system  devised  by  the  oflBcers  of  the  United  States  Army  has  i)roved 
to  be  the  most  successful  service  in  the  world,  has  served  as  a  working 
model  and  example  for  all  other  nations,  while  its  unique  exhibits  have 
elicited  nnparalleled  comineudatiou.    The  records  of  the  ofticer^  \9\i0 
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have  participated  in  the  work  of  this  Service  for  any  prolonged  period 
show  the  native  ability  and  special  adaptability  of  Army  officers  ordered 
to  scientific  duty,  for  which  they  had  not  beeii  educated  and  which 
more  than  one  accepted  with  reluctance." 

The  strenuous  efforts  of  the  present  Chief  Signal  OflScer  to  foster  and 
encourage  the  intelligent  and  valuable  co-operation  of  the  voluntary 
observers  and  of  other  branches  of  the  public  service  have  been  con- 
tinned  with  notable  results.  At  the  establishment  of  the  meteorological 
branch  of  the  Signal  Corps  there  were  no  less  than  four  hundred  and 
ninety-two  voluntary  observers  reporting  to  the  Smithsonian  Institu- 
tion, and  one  hundred  and  two  reports  received  from  post  surgeons  of 
the  Army.  Through  lack  of  encouragement  these  reports  by  July,  1880, 
ten  years  after  the  organization  of  the  Weather  Service,  had  decreased 
one-half,  there  being  two  hundred  and  forty-five  voluntary  reports,  and 
sixty-five  from  post  hospitals.  These  conditions  remained  practically 
unchanged  in  July,  1887,  despite  the  creation  at  very  considerable 
expense  to  the  National  Service  of  no  less  than  18  so-called  state 
weather  services.  At  that  date  there  were  received  205  voluntary 
reports,  23  from  state  weather  services,  and  60  from  the  Medical 
Department  of  the  Army. 

Four  years  of  earnest,  well-directed  effort,  from  1887  to  1801,  have 
produced  astonishing  results.  The  reports  from  post  surgeons  have 
increased  from  60  to  112  through  the  hearty  co-operation  of  the  office 
staff  of  the  Surgeon  General,  while  the  growth  of  the  voluntary  sys- 
tem has  simply  been  phenomenal,  from  318  to  1,016  in  four  years.  The 
annual  decrease  of  about  4  per  cent,  for  the  seventeen  years,  1870- 
1887,  has  changed  to  an  average  annual  increase  of  160  per  cent.  In 
addition  to  the  credit  due  the  record  officers  in  promoting  this  growth, 
acknowledgment  should  also  be  made  to  Mr.  George  A.  Warren, 
through  whose  well-directed  and  assiduous  efforts  the  trans-Mississippi 
region  is  now  covered  with  numerous  voluntary  observers,  whose 
geographical  distribution  is  most  satisfactory.  While  the  liberally 
equipped  stations  of  the  Signal  Corps  must  always  be  looked  to  for 
exhaustive  and  varied  observations,  yet  it  should  be  borne  in  mind 
that  owing  to  their  number,  distribution,  and  situation  the  country 
must  very  largely  depend  on  the  voluntary  observers  for  data  covering 
the  most  important  elements  of  climate,  the  means  and  extremes  of 
temperature,  the  amount  and  frequency  of  rainfall,  and  the  occurrence 
of  damaging  frosts.  This  fact  was  strikingly  exemplified  in  connec- 
tion with  the  compilation  and  publication  of  the  valuable  maps  show- 
ing the  average  dates  of  the  firot  and  last  frosts  throughout  tde  United 
States.  If  the  data  from  the  Signal  Service  stations  had  been  used  as 
a  basis,  the  results  would  have  been  erroneous  and  misleading.  It 
was  necessary  to  depend  entirely  on  the  reports  of  voluntary  observers, 
located  apart  from  the  great  towns  and  cities. 

The  policy  pursued  by  the  present  Chief  Signal  Officer  towards  vol- 
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antary  observers  has  been  to  recognize  as  far  as  possible  the  im- 
portant contributions  to  knowledge  made  by  these  devoted  and  self 
sacrificing  students  of  science.  Except  as  regards  pay,  which  Con- 
gress declined  to  grant,  these  observ^ers  have  been  placed  on  the  same 
footing  as  the  regnlar  paid  observers.  The  monthly  forms  have  been 
regularly  acknowledged  and  carefully  examined  for  errors  and  inac- 
curacies. Defects  or  errors  have  been  courteously  brought  to  the  atten- 
tion of  the  observer,  with  suitable  suggestions  for  the  future,  while 
special  reports  of  value  have  been  commended  and  encouraged.  The 
substance  of  all  voluntary  data  has  been  published  regularly,  with 
official  recognition  of  the  observer  who  has  contributed.  In  special 
cases  of  long  or  important  records  of  temperature  or  rainfall  complete 
tables  have  been  published. 

The  propriety  of  reciprocity  on  the  part  of  the  United  States  towards 
the  sacrificing  voluntary  observer  has  been  obvious  to  the  Chief  Signal 
Officer,  who  has  regularly  furnished,  as  the  only  possible  means  of  ac- 
knowledging their  services,  the  reguLir  publications  of  the  Signal 
Coqxs  and  such  other  publications  as  he  has  been  able  to  obtain  for 
them.  Experience,  however,  has  shown  the  necessity  of  caution  in 
the  issue  of  instruments  to  i)ersons  ofi*eriug  to  make  voluntary  obser- 
vations, since  many  apply  to  Signal  Service  observers  for  instruments 
and  then  utterly  fail  to  render  reports. 

INSTRUMENT  DIVISION. 

The  control  and  maintenance  of  instruments  and  methods  to  insure 
accuracy  and  correctness  of  observations  made  therefrom  has  remained 
in  charge  of  Assistant  Professor  Charles  F.  Marvin,  whose  valuable 
report  forms  Appendix  No.  10. 

During  the  year  the  self-registering  instruments  at  the  central 
office  have  been  entirely  rearranged,  new  methods  of  testing  instru- 
ments and  of  securing  uniform  results  devised,  while  work  of  investi- 
gation of  the  highest  scientific  importance  to  the  Weather  Bureau  has 
progressed  to  satisfactory  and  important  conclusions. 

The  advantages  of  a  card  system  for  quick  and  easy  reference  has 
led  to  its  application  to  a  complete  record  of  the  issue  an<l  distribution 
of  the  very  large  number  of  meteorological  instruments  of  various  kinds 
now  in  the  hands  of  the  numerous  corps  of  observers  of  this  Service. 
Each  instrument  of  a  kind  has  its  individual  number,  and  is  represented 
by  duplicate  cards  giving  salient  characteristics  of  the  instrument  and 
blank  space  for  a  brief  statement  as  to  its  present  location,  date  of  issue, 
etc  One  series  of  cards,  the  index  series,  is  classified  by  instruments 
and  arranged  in  numerical  sequence.  Each  card  shows  the  place  at 
which  the  individual  insti*ument  may  be  found.  The  duplicate  cards  are 
classified  by  stations  and  show  in  every  instance  just  what  instrument's 
are  at  any  particular  station,  how  long  they  have  been  there,  etc. 
Changes  in  the  location  of  instrnu}ents  are  always  accompanied  b^ 
tmtKapomdiBg  cbangea  it  the  cards. 
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The  prime  importance  and  necessity  in  a  meteorological  service  such 
as  this  of  the  United  States  of  a  high  and  uniform  standard  of  excel- 
lence in  the  instrumental  equipment  of  its  stations  is  doubtless  second 
only  to  the  necessity  for  a  skilled  and  uniformly  able  corps  of  observers. 
During  the  darly  part  of  the  growth  of  the  Service,  owing  to  its  large 
stretch  of  territory  and  numerous  stations,  it  was  not  possible,  except 
by  very  great  expenditure,  to  at  once  equip  so  extended  a  Service  with 
more  than  the  most  essential  instruments  and  accessories.  Within  the 
past  few  years,  however,  the  standard  of  equipment  has  been  very 
greatly  improved,  not  only  as  regards  the  issue  of  many  new  and  im- 
proved instruments  and  appliances,  but  as  well  by  the  continued  eflPorts 
to  bring  about  the  greatest  uniformity  both  in  the  instruments  them- 
selves and  their  mounting  and  exposure.  Every  effort  has  been  made 
to  raise  stations  from  second  to  first  order  in  such  numbers  as  to  insure 
for  future  study  and  reference  accurate  and  continuous  meteorological 
data  at  a  sufficient  number  of  points  to  clearly  outline  the  general 
climatic  conditions  of  the  country. 

A  preliminary  trial  of  the  feasibility  of  introducing  certain  new  forms 
of  instruments  for  recording  temperature  and  pressure,  wind-direction 
and  rainfall,  was  made  in  1888-'89.  This  was  in  general  so  satisfactory 
that,  starting  with  the  issue  in  1888  of  forty  thermographs  and  five 
barographs,  the  Service  has  now  in  operation  eighty-five  thermographs, 
fifty-three  barographs,  twenty  sunshine  recorders,  thirty-five  triple 
registers  (wind-direction  and  velocity  and  rainfall),  twenty-two  double 
registers  (wind-direction  and  velocity),  and  forty-one  self-recording 
rain  gauges. 

The  more  detailed  history  of  the  introduction  of  these  instruments, 
and  their  distribution,  is  given  in  the  tables  and  report  of  the  Instru- 
ment Division. 

While  the  International  Meteorological  Congress  has  in  its  various 
meetings  urged  the  importance  of  first-order  stations,  yet  that  body 
has  not  clearly  defined  the  kind  and  minimum  number  of  self- register- 
ing instruments  necessary  to  constitute  the  equipment  of  a  first- 
order  station.  In  some  European  services,  stations  recording  only  the 
velocity  of  the  wind  are  rated  as  of  the  first  order  j  this  standard  is  un- 
doubtedly too  low.  All  second-order  stations  of  this  Service  have  re- 
corded wind  velocity  for  many  years,  and  might  b}'  the  above  standard 
be  classified  as  of  the  first  order,  whereas  the  greater  number  of  the  so- 
called  first-order  stations  of  the  United  States  Sigjnal  Service  are,  it 
is  believed,  equaled  only  by  the  best-equipped  observatories  of  the 
European  services. 

On  this  question  it  may  be  said  that,  by  general  understanding,  sta- 
tions of  the  first  order  should  at  least  comprise  all  those  where  the  more 
important  meteorological  phenomena  are  continuousl}'  recorded  by  self 
registering  instruments. 

The  following  self-regitstering  intstruments  are  in  use  in  the  Signal 
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Service — For  recording  temperature:  miixiniiim  and  minimum  ther- 
mometers, wlierelrom  tlie  liighest  and  lowest  temperature  of  the  air  are 
recorded  (in  use  at  all  stations) ;  thermographs,  whereby  are  registered 
continuously  the  temperature  of  the  air  (in  certain  special  thermo- 
graphs, these  registrations  are  effected  by  means  of  electricity  at  a  con- 
siderable distance  from  the  exposed  thermometer) .  Atmospheric  pres- 
Hure:  barographs,  wherefrom  are  recorded  continuous  curves  of  the 
pressure.  Wind :  anemometer  registers,  whereon  is  registered  by  sepa- 
rately recoiiled  miles  the  velocity  of  the  wind ;  anemoscopic  registers, 
whereby  the  direction  of  the  wind  is  recorded  either  continuously  for 
every  mile  of  wind,  or  preferably  for  every  five  minutes  of  time.  Kain- 
fall :  instniments  whereby  the  rapidity  of  precipitation  is  shown  in  cases 
where  the  amount  of  any  one  hour  exceeds  one-twentieth  of  an  inch  (on 
most  Signal  Service  registers  the  rainfall  is  recorded  on  the  same  sheet 
with  the  direction  and  velocity  of  the  wind).  Sunshine  registers, 
whereby  the  amount  of  sunshine  is  simultaneously  recorded  by  means 
of  photogi*aphy. 

It  is  thus  possible  for  a  station  to  have  two  self-recording  themome- 
tera,  a  thermograph,  a  barograph,  an  anemometer  register,  a  wind- 
direction  register,  a  sunshine  recorder,  and  a  register  of  the  rapidity 
of  the  rainfall.  Neither  local  interests  nor  the  general  work  of  the 
Service  will  ever  req;uire  that  these  eight  self-recording  instruments 
should  be  at  every  station  in  the  country,  but  rather  that  they  should 
be  distributed  in  different  sections  of  the  country,  having  reference  to 
the  imi)ortance  of  the  respective  meteorological  phenomena  which 
they  record. 

In  making  his  office  classification,  the  Ohief  Signal  Officer  considers 
that  any  station  having  out  of  these  eight  possible  instruments  five,  of 
which  one  is  either  a  barograph  or  a  thermogi*aph,  should  be  considered 
a  station  of  the  first  order.  Under  such  construction  there  were  51 
first-class  meteorological  stations  in  operation  in  the  United  States  on 
Jane  30, 1891. 

EXPERIMENTAL  STUDIES. 

In  addition  to  the  important  routine  duties  devolving  on  him,  Pro- 
fessor Marvin  has  applied  himself  with  great  zeal,  and  with  even 
greater  skill  and  ability,  to  experimental  studies  which  have  an  im- 
portant bearing  on  meteorological  methods  and  instruments.  The 
Chief  Signal  Officer  believes  that  Professor  Marvin  in  his  investiga- 
tions of  wind  pressure  has  exhibited  such  skill  as  an  investigator  as 
e8i)ecially  redounds  to  the  credit  of  tlie  Bureau  with  which  he  has 
rendered  such  efficient  service. 

The  investigations  commenced  over  a  year  ago  upon  the  pressure  of 
aqneons  vapor  at  low  temperatures,  and  referred  to  in  the  last  annual 
report,  page  33,  were  posti)oned  during  the  summer  while  anemometer 
wd  wind  pressure  exjycriipcuti^  were  made  by  Professor  Marvin  «& 
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Mount  Washington.  When  resumed  later  in  the  year,  his  first  efforts 
were  directed  towards  de\'i8ing  means  and  apparatus  for  producing  and 
maintaining  the  desired  artificial  low  temperatures.  Previous  experi- 
ments with  such  refrigerating  liquids  as  carbonic  acid  or  nitrous  oxide 
had  shown  them  to  be  exceedingly  troublesome,  of  uncertain  effect, 
and  expensive,  while  liquid  anhydrous  ammonia,  by  the  method  then 
in  use  for  the  comparison  of  thermometers,  could  not  be  made  to  pro- 
duce a  temperature  lower  than  — 25°  Fahr. 

The  compact,  simple,  and  highly  efficient  ammonia  apparatus  devised 
by  Professor  Marvin  and  fully  described  in  the  inclosure  to  his  report. 
Appendix  No.  10,  is  of  itself  a  valuable  physical  appliance,  and  will 
doubtless  prove  useful  in  many  physical  investigations.  By  its  use, 
charged  with  a  few  pounds  of  anhydrous  ammonia,  and  aided  only  by 
a  small  hand  pump,  a  large  bath  of  alcohol  can  be  lowered  in  tempera- 
ture to  80®  or  more  below  zero,  Fahrenheit,  with  the  temperature  under 
perfect  control  at  all  times.  The  apparatus  is  now  regularly  used  at 
this  office  in  the  comparison  of  thermometers  at  low  temperatures. 

Pending  the  development  of  the  low-t«mperature  apparatus  and  its 
manufacture.  Professor  Marvin  was  also  engaged  upon  the  develop- 
ment and  preparation  of  a  normal  barometer.  While  the  Chief  Signal 
Officer  has  long  recognized  the  importance  of  establishing  and  preserv- 
ing the  Signal  Service  standard  of  barometric  pressure,  by  means  of 
instruments  of  superior  constniction  and  unquestioned  accuracy,  yet 
action  in  this  respect  has  scarcely  been  practicable  heretofore,  owing 
to  imperative  needs  in  other  directions.  So  much  has  already  been 
done  by  eminent  scientists  towards  the  perfection  of  normal  barome- 
ters, that  these  instruments  are  now  constructed  most  satisfactorily, 
leaving  little  opportunity  for  mechanical  improvement. 

The  form  arranged  by  Professor  Marvin,  as  described  and  figured 
in  the  inclosure  to  his  report,  Appendix  No.  10,  seeks  to  combine  in  the 
Signal  Service  standard  the  excellent  points  of  all  the  best  normals, 
with  a  due  regard  for  convenience  in  use  and  the  most  favorable  con- 
ditions possible  for  exhaustion  and  filling.  The  elaborate  care,  extend- 
ing to  the  minutest  details,  observed  in  the  preparation  and  filling  of 
the  barometer  tube,  is  believed  to  have  produced  very  superior  results. 
The  progress  of  the  construction  of  the  normal  barometer  was  suspended 
in  order  to  resume  and  complete  the  observations  upon  vapor  pressures, 
and  was  subsequently  further  interrupted  by  the  reconstruction  of  de- 
fective and  insecure  piers  for  the  instruments,  and  also  by  the  laying  of 
tile  flooring  in  the  standard  and  laboratory  room*  Only  a  few  compari- 
sons of  the  office  standard  barometer  (Adie  No.  1,52G)  and  the  normal 
have  thus  far  been  made.  The  normal  in  this  crtse  read  lower  by  1.70""" 
than  No.  1,52G.  The  probable  cause  of  this  diff«srence  has  not  yet  been 
fully  ascertained  or  investigated. 

Professor  Marvin's  report  upon  the  maximum  pressure  of  the  aque- 
ous vapor  at  low  tempei^atures  (Appendix  No.  10,  inclosure)  gives  in 
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detail  the  results  of  this  extremely  difficult  investigation.  Table 
in  presents  in  condensed  form  the  final  results  of  all  the  obser- 
vations below  the  freezing  point,  and,  by  the  way  of  comparison,  gives 
the  difference  between  his  values  and  those  of  Broch's  tables  and  also 
those  of  Begnault's  direct  observations.  The  agreement  between  these 
latter  over  the  less  extended  range  of  temperature  of  Begnanlt's  ex- 
periments is,  in  the  main,  so  much  closer  than  that  between  Broch's 
table  and  the  observations  from  which  it  is  computed,  as  to  not  only 
establish  the  accuracy  of  the  observations,  but  to  show  the  necessity  of 
a  new  tabular  reduction. 

The  somewhat  novel  method  of  interpolation,  selected  by  Professor 
Marvin  when  the  usual  mathematical  formulas  were  found  to  be  so 
inadequate,  must  commend  itself  to  all  for  the  accuracy  and  satisfac- 
tory manner  in  which  the  table  and  the  experiments  harmonize. 

Only  a  few  observations  of  vapor  pressure  at  temperatures  above 
32®  Fahr.  have  been  made  by  Professor  Marvin,  but  these  also  system- 
atically differ  from  Begnault.  During  the  coming  year  it  is  hoped  that 
ander  the  auspices  of  Professor  Harrington,  Chief  of  the  Weather 
Bureau,  this  important  work  will  be  continued,  and  additional  ex 
amination  made  in  order  to  determine  the  real  extent  and  nature  of 
this  difference  at  higher  temperatures  than  have  yet  been  employed. 

The  peculiar  phenomena  observed  by  Professor  Marvin  in  respect  to 
the  abnormal  fr^eezing  of  water,  and  corresponding  differences  in  vapor 
pressures,  must  have  an  important  bearing  upon  the  molecular  theories 
of  gases  and  vapors. 

Prof.  Cleveland  Abbe,  the  senior  civilian  assistant,  was  engaged  for 
about  seven  months  in  the  application  to  special  cases  of  his  prepara- 
tory studies  for  forecasting  storms,  but  when  relieved  from  this  duty 
the  work  of  investigation  was  not  in  such  condition  as  to  enable  it  to 
be  practically  applied,  so  that  its  value  is  as  yet  undetermined. 

In  order  to  facilitate  the  extension  and  application  of  the  work  of 
the  Weather  Bureau  to  agriculture,  Professor  Abbe,  for  the  last  four 
months  of  the  fiscal  year,  was  directed  to  apply  his  entire  energies 
and  attention  to  a  compilation  of  the  most  important  results  arising 
from  investigations  in  meteorology  relative  to  animal  and  vegetable 
life.  His  report,  under  the  title  of  "The  Relation  between  Climate 
and  Crops,"  is  a  summary  of  the  present  state  of  knowledge  on  this 
important  topic;  however,  as  the  report  did  not  have  reference  to  the 
current  work  of  the  War  Department,  it  was  transmitted  at  the  end 
of  June  to  the  Honorable  Secretary  of  Agriculture,  with  the  recom- 
mendation that  it  be  published  by  that  Department. 

Professor  Hazen  made  a  brief  but  interesting  report  on  "Methods  of 
Weather  Forecasting,"  Appendix  3,  part  II. 

LIBRARY. 

Under  the  intelligent  supervision  and  zealous  application  o(  ^Vt. 
Oliver  Ta.Fassiff,  who,io report  forms  Api)eudix  Ho.  11,  the  pTotesavoxiA 
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library  of  the  Signal  Service  lias  been  linall}'  brought  into  such  con- 
dition that  the  valuable  books  which  comprise  it  are  readily  accessible 
to  all  interested.  The  policy  has  been  continued  of  purchasing  strictly 
professional  books,  and,  owing  to  the  lack  of  suflicient  ^unds,  only  those 
are  purchased  which  cannot  be  obtained  by  exchange,  or  are  not  easily 
accessible  in  other  professional  libraries  of  Washington.  While  the 
Signal  Service  librar}-  does  not  contain  as  many  meteorological  publi- 
cations as  the  British  Museum,  t&e  Bibliotheque  Rationale  of  Paris,  or 
the  Library  of  Congress,  yet  apart  from  these  three  national  libraries 
there  is  no  other  which  contains  as  many  publications  on  meteorology 
as  the  library  of  this  oflBce.  The  very  liberal  contingent  fund  for  the 
next  fiscal  year  insures  suitable  additions.  It  is  safe  to  state  that 
even  now  very  nearly  one-half  of  all  published  meteorological  books 
and  memoirs  are  to  be  found  in  it,  and  the  system  of  indexing  is  so 
complete  and  satisfactory  that  the  scientific  data  contained  in  tliese 
volumes  are  readily  available. 

The  great  interest  in  his  library  duties,  shown  by  Mr.  Fassig  has 
been  exemplified  not  only  by  his  work  during  office  hours,  but  by  the 
devotion  of  his  private  time  to  the  matter,  and  by  his  sacrifice  of  a 
portion  of  his  vacation  in  order  to  attend  at  his  own  exi)eDse  a  meeting 
of  the  American  Librarians,  an  expense  which  should  have  devolved 
upon  this  office  had  the  sub-appropriation  permitted. 

The  Ohief  Signal  Officer  has  endeavored  to  extend  the  usefulness  ol 
the  library  beyond  the  force  employed  in  the  central  bureau,  and  to 
this  end  has  not  only  issued  the  professional  books  to  the  regular  ob- 
servers of  the  Signal  Service  wherever  st.ationed,  but  has  also  loaned 
them  under  proper  restrictions  to  all  meteorologists  or  other  interested 
persons  who  have  made  application  therefor.  It  is  gratifying  to  know 
that  not  a  single  volume  has  been  lost  through  this  liberal  extension 
of  the  library  privilege. 

In  addition  to  the  usual  office  work  Mr.  Fassig  has  continued  the 
General  Bibliography  of  Meteorology,  supplementing  it  by  titles  of 
meteorological  works  and  articles  which  have  appeared  within  the 
past  eight  years.  Over  sixty  thousand  (60,000)  titles  are  contained  in 
the  present  card  catalogues,  arranged  in  a  large  number  of  classes  and 
l>erfected  by  a  complete  authors  index. 

The  Chief  Signal  Officer  has  continued  his  efforts  to  put  this  bibliog- 
raphy in  such  shape  that  it  may  be  avaliable  to  students  of  the  great 
universities  and  also  by  leading  meteorological  bureaus  of  the  world. 
As  it  became  necessary  to  expend  some  three  thousand  dollars  of  the 
printing  fund  in  binding  accumulated  meteorological  data  pertain- 
ing to  the  Service,  it  was  impossible  to  apj)ly  any  part  of  the  regular 
printing  appropriation  to  the  publication  of  this  bibliography,  but  no 
such  demand  will  fall  on  tiie  Bureau  during  the  coming  year,  and  as 
the  printing  appropriation  has  been  pnictically  increased  a  thousand 
dollars  by  the  separation  of  the  civil  and  military  work,  it  is  hoped 
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that  this  bibliography  will  appear  in  priuted  form  during  the  next  few 
years,  and  thus  accomplish  a  duty  to  co-operating  scientists.  Even 
under  adverse  conditions  the  Chief  Signal  Officer  has  been  able  to 
reproduce  a  considerable  number  of  copies  by  means  of  the  typewriter 
and  the  adoption  of  duplicating  methods  devised  by  the  clerical  force 
in  the  office.  By  these  and  similar  means  the  following  four  parts 
have  been  reproduced  and  distributed  to  co-operating  observers,  chiefs 
of  important  weather  bureaus,  and  to  the  most  important  libraries  of 
the  United  States : 

Part  I — Temperature 5  4,400  titles.  Part  II — Moisture;  6,500  titles. 
Part  III— Wind ;  2,000  titles.    Part  IV— Storms ;  4,300  titles. 

These  four  parts  cover  subjects  which  are  most  generally  in  demand, 
and  it  is  gratifying  to  note  that  about  one-fourth  of  all  the  titles  in  the 
general  bibliography  have  been  thus  duplicated  and  rendered  availa- 
ble for  general  use. 

The  special  bibliographical  report  of  Mr.  Fassig  indicates  the  intel- 
lectual activity  of  the  officials  of  the  Signal  Service  in  the  past. 

SUPPLY  AND  MISCELLANEOUS  DIVISION. 

The  disbursements  for  purchases  and  for  services  rendered  in  con- 
nection with  the  Signal  Service  have  been  most  faithfully  and  efficiently 
made  by  Captain  Kobert  Craig,  A.  Q.  M.,  whose  report  forms  Appen- 
dix No.  12.  The  intimate  knowledge  of  the  details  of  this  Service  pos- 
sessed by  Captain  Craig  has  tended  to  decrease  the  heavy  burden  of 
care  and  responsibility  which  would  harve  inevitably  devolved  upon  the 
Chief  Signal  OflBcer  had  the  duty  fallen  to  a  disbursing  officer  un- 
familiar with  the  special  work  of  the  Service. 

In  Captain  Craig's  report  will  be  found  the  list  of  contracts  made 
during  the  fiscal  year,  submitted  in  accordance  with  the  act  of  Con- 
gress approved  April  21, 1808;  also  the  conditions  of  the  appropriations, 
with  expenditures,  balances,  and  probable  demands,  as  required  by  the 
act  of  Congress  approved  May  20, 1820. 

There  have  been  deposited  in  the  Treasury,  as  required  by  law, 
f31.25  received  from  the  sale  of  37  miles  of  abandoned  telegraph  lines ; 
the  sum  of  $326.77  on  account  of  condemned  property  sold  at  public 
auction;  and  also  the  sum  of  $359.80  received  from  the  sales  of  publi- 
cations, under  the  act  approved  May  30,  1874  (Section  227,  Revised 
Statutes),  which  latter  sum  accrued  to  the  credit  of  the  appropriation 
for  *'  Observation  and  reiwrt  of  storms." 

The  money  accounts  of  the  Disbursing  Officer  have  been  once  in- 
spected, and  the  balance  verified  by  an  officer  of  the  Inspector  Gen- 
eral's Department,  during  the  fiscal  j^ear. 

The  satisfactory  state  and  prompt  settlement  of  the  money  affairs  of 
this  Service  is  illustrated  by  the  fact  that  out  of  9,038  accounts,  grow- 
ing out  of  the  various  appropriations  during  the  year,  there  remained 
on  June  30, 1891,  no  accounts  unsettled  in  the  office  of  the  Chief  Bik- 
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nal  OflScer,  excluding  forty-one  bills  of  the  Western  Union  Telegraph 
Company,  which  are  in  dispute  as  regards  the  rates  fixed  by  the 
Postmaster-General . 

■ 

This  unasnal  condition  of  an  office,  in  which  the  creditors  of  the 
Government  had  their  accounts  adjusted  and  settled  immediately  on 
receipt,  wa^due  to  the  assiduous  application  and  business-like  meth- 
ods of  Captain  Craig,  supplemented  by  the  detailed  knowledge,  extra- 
ordinary energy,  and  close  application  of  Mr.  William  B.  Bushby,  his 
chief  clerk. 

On  July  1, 1889,  as  stated  in  my  annual  report  for  the  fiscal  year 
ending  June  30, 1890,  page  28,  an  important  reform  went  into  opera- 
tion, under  a  provision  in  the  appropriation  act  approved  March  2, 
1889,  whereby  it  was  directed  that  the  pay  and  allowances  of  the  en- 
listed men  of  the  Signal  Corps  be  disbursed  in  one  check  by  the  Dis- 
bursing Officer  of  this  Bureau.  This  legislation  corrected  the  business 
evil  which  for  so  many  years  prevailed,  whereby  each  man  in  the  Sig- 
nal Corps  received  his  monthly  pay  in  three  different  checks  based  on 
three  sets  of  different  vouchers  and  paid  by  three  different  officers  and 
at  different  times  of  the  month,  a  method  which  enormously  increased 
the  labor  and  records,  and  often  delayed  the  final  payments  for  weeks 
after  the  month  ended.  The  new  method  reduces  the  labor  and  rec- 
ords by  80  per  cent,  and  insures  to  all  subordinates  prompt  and  imme- 
diate payment,  a  consideration  of  especial  importance  to  men  of  small 
salaries.  The  new  system  has  continued  to  work  to  the  utmost  satis- 
faction, and  the  monthly  compensation  of  the  enlisted  men  has  been 
mailed  to  them  on  the  very  day  when  the  pay  was  due.  Payments  to 
all  men  in  the  Signal  Corps,  whether  serving  in  Arizona  or  New  York, 
are  made  by  check,  and,  as  indicating  the  certainty  of  the  method,  it 
should  be  mentioned  that  in  the  past  year  3,540  checks  have  been 
mailed  to  men  of  the  Corps,  and  only  4  checks  miscarried. 

The  introduction  of  the  card  system  of  letters  received  referred  to  in 
my  last  annual  report,  page  28,  has  been  continued  during  the  past 
yeaTi  and  with  good  results. 

ESTIMATES. 

On  September  15, 1890,  estimates  for  appropriations  for  the  fiscal 
year  ending  June  30, 1892,  were  submitted  to  the  Honorable  Secretary 
of  War,  but  subsequent  legislation,  the  act  of  Congress  to  increase  the 
efficiency  and  reduce  the  expenses  of  the  Signal  Corps  of  the  Army, 
and  to  transfer  the  Weather  Service  to  the  Department  of  Agriculture, 
approved  on  October  1, 1890,  required  the  revision  of  the  estimates 
submitted.  In  Captain  Robert  Craig's  report  is  set  forth,  in  detail,  the 
reduction  during  the  past  six  years  in  the  appropriations  for  the  main- 
tenance of  the  Service  in  all  its  branches.  The  aggregate  amount  of 
money  appropriated  in  both  the  regular  and  deficiency  bills,  including 
all  accounts  and  claims  allowed  by  the  accounting  officers  of  the 
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Treasury  Department,  is  as  follows :  Fiscal  year  ending  June  30, 1886, 
8939,705.72;  1887,8913,081.23;  1888,  «913,C70.27;  1889,  ?8o6,995.38; 
1890,  *S21,105.21 ;  1801,  8815,655.10. 

This  shows  a  total  reduction  in  annual  expenditures  of  8174,050.53 
in  the  past  five  years.  Among  the  larger  items  of  savings  may  be 
uoted,  850,000  througli  the  reorganization  of  the  business  methods  of 
the  central  office,  thus  making  possible  a  corresponding  reduction  in 
the  fon»o  employed;  about  840,0fK>  through  the  invention  of  the  Chief 
Signal  Officer  i)ersonally  of  a  new  telegraphic  weather  code,  and  over 
818,000  in  tr.ins]>ortation.  It  sliould  also  be  set  forth  that  a  reduction 
of  87,500  in  rent  ocxjurred  through  the  purchase  of  the  i>rescnt  building 
and  giwuids  under  an  act  of  Congress,  which  eliminated  the^tom 
of  rent  for  future  years. 

The  separation  of  the  two  branches  of  the  Signal  Servicje  resulted  in 
the  transfer  of  the  estimates  for  the  strictly  militJiry  establishment  to 
the  Army  appropriation  bill,  which,  since  188S,  has  been  charged  with 
the  military  expenses  of  the  Signal  Corps  of  the  Army,  as  follows :  Pay 
and  allowances  for  officers  of  the  Signal  Corps,  and  the  authorized  en- 
listed force  of  50  sergeants,  892,500;  signal  and  telegraphic  expenses, 
922,500;  officers  salaries,  85,700;  public  printing,  81,500;  office 
stationery,  8275;  contingent  expenses,  8575.  Aggregating  8125,050. 
lu  addition,  it  became  necessary  to  rent  for  82,000  quarters  for  the 
Signal  Corps  sufficient  to  accommodate  the  office  force  and  a  general 
supply  depot. 

At  the  request  of  the  Honorable  Secretary  of  Agriculture  the  Chief 
Signal  Officer  prepared  the  estimates  wherein  was  incorporated  the 
present  ci\ilian  organization  of  the  Weather  Bureau.  These  estimates 
commended  themselves  to  the  Secretary  of  Agriculture,  and  were  ap- 
proved by  him,  with  certain  additional  sums  intended  to  carry  out  the 
act  of  Congress  approved  October  1,  1890,  for  the  extension  of  the 
Service  in  the  interest  of  agriculture.  They  also  commended  tliem- 
selves  to  the  Appropriation  Committees  of  Congress,  and,  with  a  very 
slight  reduction,  were  voted  in  the  appropriation  bill  for  the  coming 
Hscal  year.  These  estimates  can  be  found  in  detail  in  the  '^Book  of 
liJstimates,"  and  the  resulting  sums  voted  appear  in  the ''Digest  of 
Appropriations." 

An  increase  of  over  18  per  cent,  over  the  Weather  Bureau  appro- 
priations for  the  present  fiscal  year  wius  obtained,  there  being  an  ac- 
toal  increase  of  over  9  per  cent,  in  the  appropriation  bill  itself,  while 
there  was  a  gain  in  the  Weather  Bureau  of  about  10  per  cent,  more 
by  the  transfer  to  the  Army  appropriation  bill  of  the  charges  for  the 
support  and  maintenance  of  the  Signal  Corps,  military  telegraph  lines, 
and  the  office  force  of  the  Chief  Signal  Officer.  This  marked  liberality 
of  Congress  insures  the  future  extension  of  the  Weather  Bureau  to  new 
and  broader  fields  of  usefulness. 

While  the  transfer  of  the  Weather  Bureau  to  the  Dcpavtmeut  ot 
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Agriculture  took  place  on  July  1,  1891,  yet  it  appears  proper  to  touch 
on  this  subject  in  this  report  rather  than  to  delay  a  year.  As  the  dele- 
gated representative  of  the  Secretary  of  War,  the  Chief  Signal  Officer 
transferred  the  Weather  Bureau  to  the  Secretary  of  Agriculture  and  his 
subordinate,  the  Chief  of  the  Weather  Bureau,  on  the  morning  of  July 
Ist.  At  that  time  the  entire  force  had  been  paid  to  include  June  30,  and 
all  accounts  and  bills  in  the  ofQce  had  been  adjusted  and  paid  so  that 
there  were  no  arrears  of  puljlic  business  of  any  character. 

It  is  a  source  of  gratification  to  the  Chief  Signal  Officer  that  his 
methods  of  business  were  such  that  to  this  time,  more  than  three 
months  after  the  transfer,  they  are  continued  without  modification  of 
any  importance.  Three  officers  of  the  Army  remain  on  duty,  and  no 
change  has  been  made  in  the  forecasting  force  or  methods.  It  is  in- 
teresting that  as  the  first  predicting  official  {Professor  Abbe)  detailed 
by  the  Chief  Signal  Officer  was  a  civilian,  so  the  first  predicting  of- 
ficial  formally  detailed  by  the  Chief  of  the  Weather  Bureau  was  an 

Army  officer,  Lieutenant  GUvssford. 

A.  W.  GREELY, 

Chief  Signal  Officer. 
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BEPOBT  OF  THE  OFFICER  IN  CHAEGE  OF  THE  DIVISION  OF  MILITAEt 

SIGNALING. 

Signal  Office,  War  Department, 

Washington,  D.  C,  July  SI,  1891. 

Sir  :  I  have  the  honor  to  submit  the  following  report  of  affairs  pertaining  to  the 
diTision  of  military  signaling  for  the  year  ending  June  30,  1891. 

The  record  shows  that  more  attention  has  been  given  to  signaling  in  the  Army  the 
past  year  than  in  any  other  like  period  of  time  since  the  war.  Two  hundred  and  nine- 
teen officers  and  2,6(f7  enlisted  men  have  received  instruction,  of  whom  146  and  909, 
respectively,  are  reported  proficient  in  the  use  of  the  ordinary  effuipnients. 

The  following  statement  sets  forth  in  detail  the  number  instructed  in  each  regi- 
ment: 

Instruction  and  Practice  in  Sioxalino  at  Military  Posts  for  the  Year 

1890-»91. 


First  Cavalry  ... 
Second  Cavalry  . 
Third  Cavalry  .. 
Fonrth  Cavalry  . 
Fifth  Cavalry  '. . . 
Sixth  Cavalry . . . 
Seventh  Cavalry 
Eighth  Cavalry  . 
Ninth  Cavalry... 
Tenth  Cavalry  . . 


First  Artillery... 
Second  Artillery. 
Third  Artillery  .. 
Fonrth  Artillery. 
Fifth  Artillery  .. 


First  Infantry 

Second  Infantry. . . 
Third  Infantry  .... 
Fonrth  Infantry ... 

Fifth  Infantry 

Sixth  Infantry  ..•• 
Seventh  Infantry.. 
Eighth  Infantry... 
Xinth  Infimtry .... 
Tentli  InDuitry . . . . 
Eleventh  Infimtry. 


Instructed. 


lOfficers. 


EoHsted 
meu. 


1 

y 

9 

U  I 
I 

4 

7 
4 


41) 


60 
7:< 
4.3 
oT) 

l:;7 

12 

48 

<;i 

690 


ir»| 
u 

9  ' 
14 


CI 

GJ 

97 

2:J9 


62 


I 


579 


9 


2 
4 
6 
2 


1 
5 


33 

27 

:j2 

58 


Reported  pro- 
ficient. 


Officers. 


4 
3 

4 


Enlisted 
^en. 


16 
28 
13 

18 
48 


1 

5 

(} 

87 

4 

11 

2 

31 

18 

28 

275 

Hi 
4  ' 

13 

(; 

9 


10 
2:1 
18 
76 


43 


181 


92 

1 
1 

17 

4 

55 

6 

45 

38 

1 

78 

3 

45 

4 

16 


5 


25 

2 

15 

34 

21 

11 

9 

9 

10 


Zl 


t 


38 
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Instruction  and  Fkactice  in  Signalix<;  at  Military  Posts  for  the  Year 

1890-'91— Continued. 


Twelfth  Infantry 

Thirteenth  Infantry 

Fourteenth  Infantry.... 

Fifteenth  Infantry 

Si>Ltoeuth  Infantry 

Seventeenth  Infantry... 
Eighteenth  Infantry.... 
Nineteenth  Infantry.... 

Twentieth  Infantry 

Twenty- first  Infantry . . . 
Twenty-second  Infantry 
Twenty-third  Infantry  . 
Twenty -fourth  Infantry 
Twenty-fifth  Infantry  . . 


Total 


Instructed. 


OfiTicers. 


10 


Reported  pro- 
ficient. 


Enlisted 

Officers. 

men. 

4G 

2 

143 

5 

m 

G9 

4 

:^i 

3 

72 

1 

31 

3 

96 

5 

46 

7 

29 

73 

10 

55 

3 

'X\ 

3 

49 

5 

1.332  I 
2]"G0rj 


75 


146 


Enlisted 
men. 


20 
60 

5 
15 
29 
52 

1 
39 
26 
12 

1 
19 
15 

1 


453 


909 


NuMHER  OF  Men  Instructed  Shown  by  Departments. 

Arizona :....! 213 

California 290 

Colnml^ia 10« 

Dakota t :«H 

East 657 

Missouri 542 

Platte 226 

Texas 167 

Total 2,607 


Per  Cent  of  Enlisted  Men  Instructed. 

Department  of — 

Arizona 11.2 

California 26.9 

Columbia.... 8.3 

Dakota 12.1 

East 16.6 

Missouri 19.4 

Platte 7.5 

Texas 9.4 

Average 13.9 

The  chief  value  of  this  exhibit  lies  in  its  substantiation  of  the  opinion  often  ex- 
pressed that  the  Army,  if  it  will,  can  easily  attend  to  its  own  signaling.  Undoubt- 
edly it  can  if  necessity  require,  and  under  present  regnlations  a  large  body  will 
always  be  available  frdm  which  to  select  material  in  emergency.  But  it  will  not  do 
to  go  too  far  in  dependence  upon  men  trained  at  arms  to  give  their  best  service  to 
signaling  at  the  moment  of  actual  engagement.  During  the  Indian  operations  in 
Dakota  the  past  winti^r  an  officer  of  the  corps  was  detached  from  his  post  for  field 
duty  as  signal  officer.  The  exigencies  were  snch  thac  a  signal  detachment  was  pro- 
vided from  the  mounted  troops  at  the  front,  and  rendered  good  service  in  maintaining 
communication  between  the  detached  commands,  and  was  reported  as  having  given 
valuable  assistance  in  forwarding  supplies,  bat  when  the  test  came  in  the  affair 
at  the  Mission  the  men  of  this  detachment,  leaving  their  signaling  eqnipments  be- 
l>jnd^  joined  their  troops  and  took  part  with  them  in  aotion,  in  whicii  one  of  the 
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drtnrlimont  was  killed  and  one  wounded.  It  is  evident  that  men  trained  and  expert 
in  si}(naling  niuBt  alone  be  depended  upon  for  maintaininj;  communication  dnrinj; 
action ;  tliut  in,  tlio  Bi^al  Corps  must  depend  upon  itself.  Now  tliat  tbo  bnnlen  of 
tbe  Wtratlior  Kuroaii  bas  been  taken  from  it,  and  a  suitable  orj;anization  given  to  the 
corps,  Ibero  is  no  chance  for  doubt  as  to  the  excellence  of  the  signal  work  which  the 
future  will  bhow.  What  it  has  done,  and  w^ill  a^ain  be  capable  of  doinjr,  and  even 
escelliu;^,  may  bo  inferred  from  the  following  extracts  from  communications  of  promi- 
nent commandorA. 

Brig.  (len.  Wesley  Merritt:  **I  have  noticed  with  considerable  interest,  while  on 
active  service  with  the  cavalry,  the  working  of  the  officers  of  the  Signal  Corps 
with  whom  I  have  been  thrown.  The  means  they  now  have  of  communicating  with 
friends  and  of  delecting  and  reporting  as  to  the  enemy,  coupled  with  the  energy  and 
enterprise  of  all  Che  oflicers  of  the  Signal  Corps  with  whom  I  have  been  thrown,  have 
made  the  organization  invaluable  to  the  cavalry  service.  Especially  is  this  so  when, 
aa  isoft«u  the  case,  we  ate  se])arated  by  miles  from  the  general  headquarters  with  no 
other  safe  or  rapid  means  of  communioatiim.'' 

Brig.  Gen.  John  Buford :  *'I  have  taken  occasion  to  notice  the  practical  work- 
ing of  ihe  Signal  Corps,  U.  S.  Army,  in  the  field  and  regard  it  as  a  valuable  auxiliary 
to  an  army.  With  the  aid  of  their  ])owerful  glasses,  acting  as  both  scouts  and  ob- 
servers, the  officers  who  have  acted  with  me  have  rendered  invaluable  service  when 
no  other  means  could  have  availed." 

Brig.  Gen.  George  A.  Custer:  **  Since  I  have  become  acquainted  with  the  Sig- 
nal Corpfl  of  this  ann3',  the  information  of  the  enemy  obtained  through  its  oflicers, 
and  the  rapid  method  they  have  of  transmitting  intelligence  by  tiag  signals,  has  con- 
vinced me  of  the  great  value  of  this  branch  of  the  service  during  military  operations 
in  the  Held.  An  army  can  have  no  better  outpost  from  which  to  watch  the  move- 
ments of  an  enemy  than  a  signal  station  and  with  a  practiced  ofllccr  at  such  a  posi- 
tion no  force  can  move  without  being  detected.*' 

Bri^.  Gen.  Judson  Kilpatrick:  ''The  battle  of  Browusboro  was  fought  and  won  by 
the  aid  of  signals;  every  move  of  the  enemy  was  seen  by  the  signal  oflicers  occupy- 
ing an  elevated  position,  and  quickly  transmitted.'' 

Maj.  Gen.  Alfred  Pleasonton :  *'  In  this  corps  there  is  a  signal  oflloer  with  each 
divistonf  and  the  frequent  opportunities  in  which  their  services  have  been  brought 
Into  requisition,  iii  the  transmission  of  important  intelligence,  when  operating  far 
in  advance  or  on  the  flanks  of  the  army,  away  from  a  common  center  and  in  places 
where  the  ordinary  means  of  tclej^raphinir  could  not  possibly  be  applied,  convince 
me  of  their  very  great  utility,  at  least  with  this  army." 

Maj.  Gen.  George  Sykes:  "The  Signal  Corps  has  been  of  great  use  to  the  army. 
During  the  battle  of  Gettysburg  its  services  were  highly  important  to  me.  At  Mal- 
vern, Chancellorsville,  and  other  phice**,  the  intelligence  given  and  gained  by  it, 
greatly  affected  the  operation  of  the  army." 

Rear-Admiral  S.  F.  Dupont:  "It  had  been  my  intention  boibro  leaving  Port 
Royal  to  express  to  you,  through  the  commanding  general,  my  high  appreciation  ol 
the  labors  of  jLhe  Army  Signal  Corps  iu  the  Department  of  the  South,  ho  far  as  they 
related  to  the  naval  force  under  my  command.  The  sy.stom  itself  elicited  the  highest 
commendation,  and  its  adoption,  ashore  and  allout,  became  ever^  day  more  striking 
and  valuable.  I  was  first  imnressed  witii  its  tui)eriority  on  our  passage  down  with 
the 'Expeditionary  Corps, '  for  it  enabled  me  to  keep* up  a  ready  communication 
with  the  army  transports,  and  I  am  convinced  that,  but  for  directions  which  I  gave 
to  soveral  vessels,  and  which  I  could  have  transmitted  only  by  these  signals,  on  the 
eve  of  the  dangerous  gale  we  encountered,  we  should  have  experienced  serious  dis- 
aster from  collision." 

Maj.  Gen.  Winlield  Scott  Hancock:  "At  the  To  River,  on  the  10th  of  May,  part  of 
my  corps  was  engaged  with  the  enemy  on  the  south  side,  and  communication  with  the 
main  army,  at  adistance  of  some  2  miles,  was  kept  up  by  signals.  I  remember  ordering 
np  some  artillery  at  a  critical  period,  by  signal,  to  cover  tlierecrossing  of  the  division 
engaged  on  the  south  side.  Aside  froni  the  constant  duty  performed  by  these  oflicers 
at  posts  of  observation,  they  were  serviceable^  at  tli«i  Foloptoniy,  June  !^  in  observing 
the  effect  and  directing  the  fire  of  our  artillery,  and  occupied  a  very  exjiosed  posi- 
tion. At  the  crossing  of  the  James  Kiver  they  were  also  used  as  a  nieauH  of  com- 
mnnication.  On  both  occasions  when  this  corps  was  operating  from  Deep  Bottom, 
on  the  north  side  of  the  James,  the  signal  ollicers  were  extremely  useful  in  directing 
the  fire  of  the  gnnboats  and  in  observing  the  enemy's  movements." 

Maj.  Gen.  George  B.  McClellan:  '* The  Signal  Corps  under  Maj.  Myer rendered, 
doriog  the  operations  at  Antietam  as  well  as  South  Mountain,  and  during  the  whole 
movements  of  the  Army,  etiicient  and  valuable  service.  Indeed,  by  the.  services  here. 
as  on  other  fields  elsewhere,  this  corps  has  gallantly  earned  its  title  to  an  inde])ondenl 
and  permanent  organizati(m.  •  *  *  In  front  of  Wjwhington,  on  the  lower  Po- 
tomac, and  at  any  point  within  our  lines  not  reached  by  the  military  telegraph,  the 
great  nsefolness  of  this  system  of  signals  was  made  manifest.  But  it  wtu&  wot  vvwV\\ 
after  the  arrival  of  the  army  upon  tho  pcuiumila,  and  duriu*^  tbo  siugo  auCL  \>aXWQ^ 
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of  that  and  the  Maryland  campaign,  tliat  the  great  benefits  to  be  derived  from  it,  on 
the  field  and  nnder  fire,  were  fully  appreciated.  There  wa«  scarcely  an  action  or 
Rkinuisb  in  which  the  Si^^nal  Corps  did  not  render  important  serviccH.  Often  nnder 
heavy  fii*6  of  artillery,  and  not  infrequently  while  exposed  to  the  musketry,  the 
ollicers  and  men  of  this  corps  gave  information  of  the  movement  of  the  enemy,  and 
transmitted  directions  for  the  evolution  of  troops." 

Maj.  Gen.  George  H.  Thomas:  ** During  the  pursuit  of  Bragg  in  Kentucky,  in 
the  fall  of  iy62,  several  opportunities  were  offered  for  testing  the  usefulness  of  the 
signal  system,  all  of  which  not  only  established  its  practicability,  but  its  usefulness. 
The  corps  was  organized  in  the  fall  of  1862,  at  Nashville,  and  commenced  operations 
with  more  system  than  at  any  previous  time.  During  the  battle  of  Stone  River  the 
officers  of  the  corps  with  me  were  very  efficient  in  conveying  messages  by  flag.  After 
the  battle,  and  while  the  enemy  were  encamped  near  Mnrireesboro,  an  opportunity 
was  offered  for  thoroughly  testing  the  usefulness  of  the  system,  and  resulted  in  the 
conclusion  that  a  well  appointed  signal  coVps  was  one  of  tht)  essential  organizations 
of  a  well  appointed  army.  Stations  were  established  at  Murfreesboro,  Ready ville. 
Triune,  Lavergue,  and  Franklin.  Triune  and  Lavergne  were  both  about  12  miles 
from  Murfreesboro ;  Readyville  about  8  and  Franklin  about  14  miles  from  Triune. 
Messages  could  be  transmitted  from  one  station  to  the  other  with  the  greatest  celer- 
ity, and  frequently  communication  was  held  between  headquarters  at  Murf^esboro 
and  the  above-named  stations  by  signals  when  tliere  was  no  other  means  of  commu- 
nication but  by  seuding  a  force  to  protect  the  messenger.  Wher.  Van  Dom  attacked 
Franklin,  recnforcements  were  directed  how  to  move  to  give  the  greatest  assistance 
to  the  garrison  by  message  from  Murfreesboro  to  Triune  by  signal.  Repeated  instances 
of  its  great  usefulness  occurred  at  Murfreesboro ;  also  on  the  advance  towards  Bridge- 
port, particularly  at  Hoover^s  Gap  during  the  engagement  at  that  place.  Before 
crossing  the  Tennessee  daily  information  was  received  at  headquarters  of  the  opera- 
tions of  the  different  detachments  of  the  army  on  the  north  side  of  the  river  and  in 
the  direction  of  Chattanooga  through  the  signal  lines. 

''The  Corps  was  also  equally  useful  after  the  army  crossed  the  Tennessee,  and  un- 
til the  concentration  at  this  place  (Chattanooga)  after  the  battle  of  Chickamanga. 
Since  our  arrival  here  the  value  of  the  system  lias  time  and  again  been  more  closely 
demonstrated  by  the  great  amount  of  information  of  the  movements  of  th«  enemy 
obtained  and  transmitted  to  headquarters  by  its  aid,  which  could  i^t  have  possibly 
1>een  obtained  by  any  other  means  in  time  to  have  been  of  use. 

''During  the  recent  battles  here  the  officers  of  the  corps  rendered  most  valuable 
services  by  observing  and  signaling  information  of  every  movement  of  the  enemy 
within  the  range  of  their  telescopes." 

Gen.  W.  T.  Sherman :  "  When  the  enemy  had  cut  our  wires  and  actually  made 
a  lodgment  on  our  railroad  about  Big  Shanty,  the  signal  officers  on  Vining^s  Hill, 
Kenesaw,  and  Alatooua  sent  my  orders  to  Greneral  Corse,  at  Rome,  whereby  General 
Corse  was  enabled  to  reach  Alatoona  just  in  time  to  defend  it.  Had  it  not  been  for 
the  services  of  this  corps  on  that  occasion  I  am  satisfied  we  should  have  lost  the  gani- 
8on  at  Alatoona  and  a  most  valuable  depository  of  provisions  there,  which  was  worth 
to  us  and  the  country  more  than  the  aggregate  expense  of  the  whole  Signal  Corps 
for  one  year." 

The  national  guard  of  many  States  have  also  shown  interest  in  signaling  matters 
during  the  year,  the  number  of  communications  received  containing  requests  for  in- 
formation and  material  having  greatly  increased. 

In  view  of  the  fact  that  army  signal  equipments  and  stores  are  made  after  patterns 
in  the  Signal  Office  and  as  a  rule  specifications  for  such  articles  are  not  accessible  to 
outside  persons,  and  as  the  articles  themselves  when  ordered  are  made  by  some  con- 
tractor having  special  facilities  for  doing  the  work,  and  are  manufactured  in  large 
quantities,  the  prices  paid  for  such  articles  by  this  service  being  generally  much  lower 
tlian  those  at  which  they  can  be  bought  bv  private  parties,  and  as  it  is  proper  that 
the  national  guard  of  the  country  should  have  the  benefit  of  the  contract  prices  at 
which  the  Government  secures  such  articles,  the  following  bill  was  introduced  during 
the  post  session  of  Congress : 

"  Pravidedj  That  from  signal  stores  herein  appropriated  for,  the  Chief  Signal  Officer, 
on  proper  application  in  writing  by  the  adjutant-general  of  any  State,  may  sell  to 
such  militia  at  contract  prices  such  signal  equipments  and  stores,  field  glasses,  tele- 
scopes, heliographs,  and  other  apparatus  as  may  be  necessary  for  instruction  in  mili- 
tary signaling,  the  money  received  therefor,  which  shall  revert*  to  the  appropriation 
for  the  current  year  in  which  the  sale  maybe  made,  must  be  duly  accounted  for  as 
other  public  money,  and  may  be  used  in  the  purchase  of  like  articles  to  replace  those 
so  Bold." 

Unfortunately  the  bill  failed  of  passage,  doubtless  from  lack  of  time  for  considera- 
tion, and  it  is  still  impracticable  to  fill  the  requisitions  of  the  militia;  it  is,  however, 
practicable  to  supply  material  to  the  nationsd  guard  encampments  by  the  detail  of 
an  oOicer  of  the  Army,  who  shall  bo  responsible  for  the  equipments  and  shall  instruct 
jn  their  use. 
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-At  the  academies  and  colleges  to  which  Army  otHcers  have  been  assigned  as  mili- 
tary iustractors,  requests  for  eciulpments  have  greatly  iDcroascd;  the  issues,  how- 
ever, except  in  a  few  cases,  have  been  contiued  to  tlio  simple  Hag  and  torch  equip- 
ment. 

Two  hundred  and  seventy  requisitiotia  from  military  posts  have  been  received  and 
acted  upon  during  the  year,  and  supplies  furnished  at  an  expense  of  $7,089.39.  As  a 
rule  it  has  been  necessary',  due  to  iusufiicicncy  of  sto(rk  and  appropriation,  to  clip 
andpare,  and  the  issues  represent  but  a  fraction  of  the  demand. 

The  supplies  on  hand  are  very  meaner  and  it  is  essential  that  still  further  contrac- 
tions be  made  in  issues  to  provide  wt  contingencies,  or  that  the  appropriation  for 
equipment  be  considerably  increased.  A  complete  outfit  for  the  signal  detachment 
and  troops  in  the  field  in  the  vicinity  of  Pine  Ridge  Agency  could  not  be  provided 
from  the  supplies  in  the  Department  of  Dakota,  or  from  stock  at  this  office,  and  it 
was  necessary  tu  transfer  instruments  and  mat-erial  from  another  department.  As  a 
means  of  remedying  such  a  state  of  aifairs  in  the  future,  and  that  the  troops  may  at 
all  times  be  provided,  it  has  been  recommended  that  each  company,  troop,  and  bat- 
tery be  furnished  with  a  complete  set  of  equipments,  which  should  pertain  to  the 
organization  alone  and  be  carried  as  company  property,  as  in  the  case  of  ordnance 
stores.  Snoh  desirable  aiTangemeut,  however,  must  necessarily  be  deferred  until  ap- 
propriations are  more  ample,  as  it  implies  a  very  great  increase  of  instruments  and 
material  over  the  present  post  supplies. 

During  the  year  the  abandonment  of  several  posts  and  the  concentration  of  troops 
at  others  has  eased  up  somewhat  by  making  stores  at  the  abandoned  points  available 
for  transfer  elsewhere. 

Signaling  with  the  heliograph  is  so  attractive  a  method  of  communication,  the  range 
is  10  great,  and  the  results,  when  conditions  are  favorable,  so  clear  and  decided  that 
general  interest  has  been  developed  in  the  use  of  the  instrument  and,  as  noted  in 
previous  reports,  the  most  astonisliiug  results  have  been  obtained  by  our  troops. 

While  the  composition  of  the  service  instrument  in  material  respects  is  satisfactory, 
the  se  vere  tests  to  which  it  has  beeu  put  have  shown  the  need  for  changes  in  minor 
particulars  and  for  better  workmanship  than  has  yet  been  secured  under  the  contract 
system.  To  this  end  the  cooperation  of  the  Ordnance  Deuartment  has  been  sought 
and  through  the  courtesy  of  its  chief  the  next  supply  will  be  manufactured  under 
the  supervision  of  the  expert  master  mechanic  at  the  >>ankford  Arsenal. 

The  legs  of  the  new  instrument  will  be  more  tirmly  assembled,  with  a  better  bond 
between  the  wood  and  metal.  A  more  substantial  bearing  will  be  given  the  mirrors. 
The  cones  will  be  more  delicately  adjusted  to  the  sockets.  Greater  contact  will  be 
given  between  the  base  of  the  mirror  frame  and  the  top  of  the  bar.  A  new  method 
of  clamping  the  bar  has  been  devised,  and  also  of  giving  it  a  slow  motion  in  azimuth. 
A  tangent  screw  will  be  placed  at  both  ends  of  the  mirror  bar  for  revolving  mirrors 
about  vertical  axes. 

The  sighting  rod  will  be  attached  to  the  bar  so  that  when  raised  the  disk  will  stand 
square  to  the  direction  of  the  mirror  bar  prolonged,  and  a  tangent  screw  will  be  added 
to  the  sighting  rod  so  that  vertical  motion  to  the  disk  may  be  delicately  given.  The 
screens  will  be  divided  into  leaves  and  operated  by  a  key  similar  to  that  used  on 
telegraph  instniments.  The  mirror  bar  will  be  somewhat  enlarged,  but  with  extra 
metal  judiciously  removed  to  diminish  the  weight.  Aluminium  will  be  used  for  the 
metal  parts  where  practicable  if  tests  show  the  metal  to  be  suitable.  The  mirrors 
can  not  be  supplied  at  the  arsenal ;  contracts  for  these,  to  satisfy  the  most  rigid  re- 
quirements, have  been  given  elsewhere.  There  is  no  doubt  that  the  instrument  now 
making  will  excel  in  workmanship  and  performance. 

The  field  telephone  Icit  is  so  expensive  an  equi))ment  that  it  has  been  impracticable 
to  go  ahead  with  the  manufacture  for  issue.  The  model  set  is  in  perft^ct  order  and 
very  satisfactory  It  was  used  at  the  Mount  Gretna  encampment  of  the  Pennsylvania 
militia  and  has  been  connected  up  a  few  times  about  the  office  to  show  how  well  it 
works,  but  no  op|>ortunity  has  offered  to  give  it  a  severe  practical  field  test.  Its 
value  for  use  in  action  by  the  Signal  Corps  is  undoubted,  and  it  does  not  seem  un- 
likely that  it  would  form  an  important  article  of  the  equipment  if  issued  to  com- 
panies, troops,  and  batteries.  A  special  appropriation  for  the  manufacture  of  a  num- 
i>er  to  test  the  matter  is  very  much  to  be  desired. 

It  has  been  thought  possible  to  utilize  the  old  telephones  ])08sos8ed  by  the  service 
for  use  as  extemporized  field  equipments  by  assembling  the  telephone  and  transmitter 
in  one  piece,  but  further  examination  shows  that  it  would  be  hardly  worth  the  while  to 
make  the  attempt.  The  old  stock  is  of  indifferent  quality,  as  a  rule,  ond  the  instru- 
ments have  not  given  satisfaction  to  the  Army  in  many  cases  when  used  as  they  are. 

The  telephones  supplied  by  annual  rental  for  use  on  target,  ranges  have  been  re- 
arrangi'd  with  a  view  of  making  the  equipment  of  certain  ranges  as  nearly  permanent 
•a  possible  and  of  dispensing  with  a  number  not  essential. 

The  practice  of  renting  telephones  and  transmitters  from  one  source  and  obiuiuing 
eall-bokesy  batteries,  etc.,  from  another   and  adjusting  the  various  pasla  at  tViiA 


42  REPORT   OF   THE   CHIEF   SIGNAL   OFFICER. 

office  has  not  been  found  satisfactory  in  all  respects  nor  economical,  and  later  pur- 
chases have  secured  the  outfit  complote  at  the  same  hands. 

The  hominy-pigeon  service  at  Key  West  has  been  discontinued  and  the  birds  trans- 
ferred to  the  superintendent  of  the  Naval  Academy.  The  experiment  had  been  car- 
ried to  the  point  of  obtaining  return  flights  from  Havana,  and  has  shown  that  they 
are  reliable  across  quite  extensive  stretches  of  water  and  can  undoubtedly  be  made 
use  of  by  the  Navy  as  mcaseDgers  from  shipboard  to  the  home  station.  The  experi- 
ment has  been  conducted  through  a  period  of  four  years  at  an  annual  cost  of  $27G.G7. 
That  expenses  could  be  kept  so  low  is  due  to  the  courtesy  of  the  Quartermaster- 
General,  who  made  available  a  vacant  barrack,  and  that  of  private  parties,  who 
furnished  the  original  stock  without  cost  to  the  Government.  As  a  return  to  those  who 
supplied  the  birds  the  service  han  always  extended  facilities  to  fanciers  throughout 
the  country  in  their  training  flights,  and  by  so  doing  has  incidentally  become  aware 
of  the  great  n  umber  of  birds  raised  and  trained  for  long  flights,  which  could  be  made 
availablo  for  war  purposes  in  case  of  necessity. 

The  experimental  8iV/nanaiifern8  have  been  fully  tested  in  the  West  and  found  t^ 
give  a  range  of  15  miles  with  the  naked  eye.  Free  criticism  was  invited  as  to  the 
merits  and  defects  of  the  lanterns,  and  two,  which  gave  the  best  results,  have  been 
selected  for  further  tests.  In  many  respects  these  two  lanterns  are  excellent,  but 
mechanical  defects  have  been  developed  which,  when  remedied,  will  probably  make 
one  or  both  suitable  for  use  in  place  of  the  objectionable  torch. 

A  small  candle  lantern  carrying  a  reflector,  and  a  screen  for  cutting  off  and  reveal- 
ing the  light,  has  also  been  test.^  and  found  an  excellent  substitute  for  the  ordinary 
lanterns  used  by  the  first  sergeants  of  companies.  It  serves  the  ordinary  purposes 
of  a  lantern  for  the  field,  the  squad  room,  or  the  stable,  and  is,  as  well,  an  effective 
signal  equipment  over  a  range  of  2  or  3  miles,  burning  the  ordinary  candle  of  c(^m- 
merce.  Fifty  of  these  have  been  ordered  and  will  be  for  issue  the  coming  year  to  va- 
rious posts  and  organizations  for  further  test  and  report. 

The  demand  for  heliograph  instructions  has  nearly  exhausted  the  supply,  but  in 
view  of  changes  in  the  new  holograph  the  preparation  and  issue  of  a  now  edition 
must  necessarily  be  deferred. 

The  call  for  code  cards  has  also  been  very  great,  to  meet  which  a  pocket  card,  set- 
ting forth  in  condensed  form  the  materialparts  of  the  complete  code,  has  been  pro- 
pared  and  an  edition  of  10,000  printed.  The  alphabet,  conventional  sisruals,  etc., 
nave  also  been  added  to  the  back  of  the  pads  holding  message  blanks. 

In  line  with  the  i)olicy  of  placing  material  in  the  hands  of  chief  signal  officers  of 
departments  for  issue  to  acting  signal  officers  an  ample  supply  of  blank  forms,  code 
cards^  instructions,  etc.,  have  boon  sent  to  the  chief  signal  officer  of  the  Dejiartment 
of  Arizona.  It  is  believed  that  requisitions  for  supplies  and  all  communications  from 
acting  signal  officers  relative  to  signaling  matters  should,  under  ordinary  conditions, 
be  forwarded  through  the  department  signal  officer  and  bear  his  recommendation 
and  remarks  before  action  by  this  office. 

Storage  having  been  found  at  Fort  Riley,  Kans.,  for  a])ortionof  the  field  telegraph 
train  a  section  has  been  put  in  order  for  use  at  th.it  important  post.  A  t  present  there 
arc  no  draft  animals  available  for  use  with  this  section,  but  arrangements  to  this 
end  can  probably  be  temporarily  effocted  through  the  Quartermast^^r^s  Department. 

The  presence  of  an  officer  of  tho  corps  at  Fort  Riley  with  a  signal  detachment 
makes  it  possible  to  accomplish  at  this  point  a  good  deal*  in  tiie  way  of  experiment  and 
drill  with  tho  implements  and  equipments  of  the  corps  not  otherwise  practicable,  and 
no  doubt  facilities  can  be  found  so  that  it  may  bo  made  not  only  a  depot  of  supplies 
but  a  point  at  which  repairs  may  bo  efl'ected. 

The  following  is  a  list  of  the  books  designed  for  reference  and  instruction  at  Riley  : 

Prescott's  Electricity, 
The  Telonhone.    Dolbear. 
The  Eleciric  Telegraph.    Pope. 
The  Telephone.    Preece  and  Maier. 
Manual     of    Telegraph     Construction. 
Douglass. 


Handbook  of  the  Electric  Telegraph. 
Lock  wood. 

Electricity  and  Magnetism.    Jenkins. 

Electric  Dictionary.    Houston. 

Electric  Telegraph .     Sabi  no. 

Dynamo  P^lectrical  Machinery.  Thomp- 
son. 

Telegraph  Manual.     Shaflner. 


Absolute  Measurements  in    Electricity. 

Gray. 
Ganot's  Physics.    Atkinson. 
Handbook  of  Electric  Diagrams.     Davis 

and  Rao. 


Instructions  to  Operators. 

Electric  Tables  and  Formuhe. 

The  Century  Dictionary. 

Deschanel's  Natural  JPhilosophy.  Ev- 
erett. 

Text  Book  of  the  Principles  of  Physics. 
Daniel. 

Dynamo  Tender's  Handbook. 

Incandescent  Wiring  Handbook. 


The  Telegraph  in  America.    Reid.  i  Stationary   Stoam    Engines  Adapted   to 


International  Code  Signals. 
Stewart's  Treatise  on  Heat. 
Text  Book  of  Physics.    Everett, 


Electric  Lighting. 
The    Storage    of    Electrical    Energy. 
Plantc. 
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The  Electric  Engineer's  Pocketbook  of 
Modern  Rules.     Kempe. 

Electricity  and  Magnetism.  Stewart  and 
Geo. 

Practical  Electricity.    Ayrtoii. 

Pocketbook  of  Electrical  Rules  and 
Tables.    Munro  and  Jameson. 

Notes  on  Electricity.    Abbot. 

Electrical  Engineering.  Slingo  and 
Brooker. 

Management  of  Accumulators.  Salo- 
mons. 

Electricity  and  Magnetism.    Mascart. 


D/namo  Electricity.    Prescott. 

Pmctical  Information  for  Telephonists. 
Lockifood. 

Handbook  of  Practical  Telegraphy.  C  ul- 
ley. 

Manual  of  Telegraphy.    Smith. 

Manual  of  Telegraphy.     Williams. 

The  Philosophy  and  Practice  of  the  Morse 
Telegraph.    Smith. 

Practical  Electrical  Measurements. 
Swinburne. 

llie  Telephone,  Microphone,  and  Phono- 
graph.   Dn  Monccl. 

Electric  Lighting.    Du  Moncel. 

One  hundred  and  thirty-seven /e?(7  glasses  of  aluminium,  50  of  which  aro  arranged 
with  slings  for  carriage  when  out  of  case  (the  most  satisfactory  glass  ever  supplied), 
have  been  procured  during  the  year.  The  distribution  of  these  has  been  limited  at 
present  to  general  officers,  inspectors  of  rifle  and  artillery  practice,  light  batteries, 
and  to  the  more  important  posts,  some  limitation  being  necessary,  as  the  supply 
would  not  satisfy  the  demand.  These  glasses  cost  $26.88  each,  but  as  future  pur- 
chases must  also  inclode  the  import  duty,  the  cost  hereafter  for  the  same  glass  will 
be  about  one-half  more. 

Relative  to  the  purchase  of  field  glasses  by  officers  it  should  be  remarked  that, 
under  present  ruling,  the  sale  is  not  authorized. 

An  excellent  telescope  in  aluminium  has  been  procured  during  the  year  as  a  model 
for  f  ntnre  purchases. 

Under  the  conditions  in  which  artillery  practice  is  now  held,  instruments  of  pre- 
cision to  record  the  velocity  and  direction  of  the  wind,  humidity,  etc.,  are  essential. 
While  the  old  anemometer  gives  good  record  of  velocities,  yet  such  velocity  can  not 
be  determined  from  this  instrument  at  sight.  A  sample  of  a  foreign  instrument  from 
which  tho  velocity  can  be  taken  at  a  glauce  has  been  procured,  but  it  was  found  that 
the  office  could  construct  a  much  better  small  equipment  for  artillery  practice  and 
the  matter  is  now  in  the  hands  of  Prof.  Marviu.  The  professor  has  also  devised  a 
psychrometer  which  by  the  use  of  tho  tables  specially  prepared  for  the  purpose,  ena- 
brea  the  humidity  of  the  atmosphere  to  be  quickly  obtained,  and  with  much  accuracy. 
He  has  also  in  charge  the  preparation  of  a  compass  suitable  for  the  use  of  signal 
officers. 

.At  present  the  artillery  ranges  are  supplied  with  fixed  telephones,  but  if  it  wore 
practicable  to  supply  tho /eld  A't(«  it  is  easily  seen  to  what  good  use  tho  field  tele- 
phone could  bo  put  in  this  connection. 

In  order  to  make  the  record  of  officers  and  posts  more  readily  accessible,  sets  of 
card  indexes  have  been  prepared  whereby  it  is  possible,  by  easy  reference,  to  at  once 
ascertain  the  history  of  the  officer  so  far  as  relates  to  instruction  and  practice,  and 
also  the  equipment  of  a  post,  the  character  and  cost  of  supplies  furnished  on  vari- 
ous requisitions,  the  amount  of  instruction  held,  etc. 

This  form  of  record  is  so  satisfactory  as  to  suggest  the  possibility  of  its  adoption  to 
good  advantage  in  other  directions. 

An  examination  into  the  organization  of  foreign  telegraph  corps  and  the  nature  of 
the  duties  required  of  them,  shows  that,  as  a  general  thing,  organizations  are  not 
only  perfected  for  the  peace  establishment,  but  provision  is  made  for  cxpausion  in 
war  times.  The  present  organization  of  our  corps  limits  the  number  of  enlinted  men 
to  50.  With  this  force  disposed  at  stations  on  the  militiiry  telegraph  lines,  schools 
of  instruction,  department  headquarters,  etc.,  it  is  not  practicable  to  have  in  hand 
mnch  of  a  detachment  in  readiness  at  all  times  for  the  lioUl. 

To  become  export  under  present  conditions  not  only  is  constant  practice  and 
instruction  in  the  ordinary  methods  of  signaling  necessary,  but  the  men  inuHt  be 
made  electrical  experts,  be  familiar  with  scouting,  surveying,  and  rcconnoissance  and 
the  sketching  incidental  thereto;  be  skilled  in  tho  use  of  the  balloon  train,  the  field 
telegraph  train,  the  telephone  kit,  the  use  and  manipulation  of  the  electric  search 
light;  construction,  operation,  and  testing  of  telegraph  lines  and  laying  of  cable, 
experts  in  ciphering  and  deciphering,  etc. 

To  accomplish  the  training  of  officers  and  men  must  ultimately  necessitate  posses- 
sion by  the  service  of  a  post  or  station. 

Information  gathered  from  abroad  from  publications  and  tho  report  of  the  military 
attaches  Is  redace<l  to  card  record  when  advisable,  and  work  in  this  direction  inn.st 
continue  to  increase  as  tho  corps  assumes  tho  functions  of  a  bureau  of  military  infor- 
mation, which  have  been  imposed  upon  it  by  law. 
Very  respectfully,  your  obedient  servant, 

R.  E.  Thompson, 

Th©  CmVF  SxGNAi,  OvFiCEB,  U.  8.  Army,  Caytaxn^  Signal  Corpa. 

JFashington,  J),  C. 
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REPORT  OF  THE  OFFICER  IN  CHARGE  OF  TELEGRAPH  DIVISION. 

Signal  Office,  War  Department, 

Wiishingtonj  June  30,  1891. 

Sir:  The  officer  in  charge  of  the  telegraph  diviBion  has  the  honor  to  Buhmit  the 
following  report  regarding  tbe  maintenance  and  operation  of  tbe  U.  S.  military  and 
Beacoast  telegraph  lines  during  the  tiscal  year  just  closed. 

There  were  in  operation  at  the  date  of  the  last  report  1,337  miles  of  military  and 
G21  miles  of  seacoast  lines.  Of  the  former,  1,025  miles  remain  in  operation  at  the 
close  of  the  year,  and  the  mileage  of  the  latter  has  been  increased  to  634  miles  by  the 
extension  of  the  Point  Reyes  line. 

The  following  table  shows  the  location  of  the  lines  by  departments  and  coasts, 
together  witht^eir  length  and  changes  daring  the  year: 


In  operation. 

June  30, 
1891. 

Milts. 

85 

109 
112 

12 
417 

290 

Changes. 

1.  Military  lines: 
Dakota 

MisAoari 

Texa«»r.T. , 

Miles, 
282 

126 
124 

12 

493 

300 

Abandoned  Fort  Maginnis  line,  186  miles ;  and 
Fort  Totten  line,  11  miles. 

Abandoned  Fort  Elliott  line,  17  miles. 

Adde<l  10  miles,  Fort  Clark  to  Spofibrd  Junc- 
tion. Lost  22  miles,  abandoning  Fort  Davis 
line. 

No  change. 

Gained  2  miles  rebuilding  San  Carlos  line,  and 
10  miles  by  taking  up  Fort  Bayard  line. 
Lost  40  miles,  discontinuing  Fort  Verde  line ; 
27  miles,  Fort  McDowell  line;  7  miles.  Fort 
Lowell  line;  and  14  miles  by  shortening 
Fort  Stanton  line. 

Abandoned  Fort  Bridger  line,  10  miles. 

California 

Arizona 

Platte •... 

Total 

1.337 

1,025 

II.  Seacoast  lines: 
Pacific 

1.58 
463 

171 
463 

Gained  13  miles  extending  Point  Reyes  line. 
No  change. 

Atlantic 

Total 

621 

634 

With  a  yery  few  exceptions — such  as  the  breaking  of  submarine  cables  which 
eonld  not  be  repaired  or  renewed  without  considerable  delay  or  without  Congres- 
sionid  action,  the  occnrreoce  of  disastrous  floodn,  notably  in  Arizona  and  Oklahoma 
Territories,  etc.,  the  military  seacoast  telegraph  lines  have  been  maintained  in  a  high 
state  of  efficiency  daring  tbe  pa.Ht  year.  In  anticipation  of  the  changes  that  will  take 
place  in  the  management  of  these  lines  with  the  beginning  of  the  new  fiscal  year, 
officers  in  charge  and  post  commanders  were  requested,  in  November  last,  to  inform 
this  office  what  additional  materials,  instruments,  labor,  etc.,  would  be  required  to 
folly  equip  their  lines  and  place  them  in  the  best  possible  state  of  repair  by  July  1. 
All  leqntsitious  received  under  this  letter  wore  filled,  so  far  as  was  deemed  neoessaryy 
and  genenJ  repairs  authorized  to  the  limit  of  the  appropriation  then  available. 

4& 
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Generally  speaking,  tlie  men  serving  on  the  military  and  sea  coast  telegraph  lines 
have  performed  tbeir,  frequently  onerous,  duties  with  that  zeal  and  fidelity  that  have 
always  characterized  the  men  of  the  Signal  Corps  ;  often  under  conditions  of  great 
hardships,  isolation  and  risk  of  health  and  even  life  itself.  Their  soldierly  conduct 
at  military  posts,  in  connectiou  with  the  superior  educational  advantages  enjoyed 
by  most  of  them,  secured  the  respect  and  esteem  of  their  military  superiors,  almost 
without  exception.  Now,  that  under  the  operation  of  the  newlaw  most  of  these 
men  will  be  mustered  out  of  the  Signal  Corps,  it  seems  proper  to  make  special  men- 
tion of  this  gratifying  feature  of  the  old  service.  Under  the  same  law,  the  sea- 
coast  lines  will  be  transferred  to  the  Weather  Bureau,  leaving  only  the  purely 
military  lines  under  the  control  of  the  Chief  Signal  Officer. 

A  brief  summary  of  the  lines  in  the  various  military  departments,  as  operated 
during  the  past  year,  is  given  as  follows : 

Department  of  Dakota, — As  indicated  in  last  year's  report,  the  Fort  Maginnis  line, 
186  miles  long,  was  abandoned  and  all  offices  closed  to  date  July  1,  1890,  consequent 
to  the  abandonment  of  Fort  Maginnis  as  a  military  post.  For  alike  reason  the  oper- 
ation of  the  Fort  Totten  line,  11  miles  was  discontinued  in  November,  and  the  iron 
poles  in  use  on  that  line  were  recovered  and  shipped  to  Fort  Custer. 

On  the  Fort  Custer  section  extensive  repairs  were  made  by  troops  during  Novem- 
ber and  December,  including  the  replacing  of  443  wooden  poles  with  iron  ones.  The 
line  has  now  508  iron  and  202  good  cedar  poles,  with  a  more  than  sufficient  reserve 
of  spare  iron  poles  to  replace  the  remaining  wooden  ones,  as  may  become  necessary. 

The  Bismarck-Fort  Yates  line  has  remained  in  very  efficient  working  order.  The 
Northwestern  Telephone  Company-s  poles  between  Mandan  and  Fort  Abraham  Lin- 
coln, which  had  carried  the  military  wire  for  several  years,  were  purchased  by  this 
service  for  the  very  moderate  sum  of  $200.  South  of  the  fort  the  line  now  requires 
300  new  poles,  which  have  already  been  purchased  and,  together  with  other  line  ma- 
terials, shipped  to  the  Cannon  Ball  River,  whore  troops  from  Fort  Yates  will  begin 
general  repairs  during  July  next. 

The  Signal  Corps  observers  at  Forts  Sully,  Buford,  and  Asaiuniboine  have  continued 
to  operate  the  Western  Union  branch  lines  to  those  posts,  to  facilitate  the  transmis- 
sion of  public  messages ;  the  small  amount  of  business  at  those  points  not  warrant- 
ing the  company  to  supply  operators  of  its  own. 

Department  of  the  Missouri, — The  discontinuance  of  the  military  post  of  Fort 
Elliot  led  to  the  abandonment  of  the  line  thence  to  Miami,  17  miles  on  September  30. 
The  line  was  dismantled  by  troops,  and  the  material  thus  recovered  shipped  to 
points  where  needed. 

The  line  from  Fort  Sill  to  Fort  Reno  and  £1  Reno  remained  in  excellent  working 
order  until  June,  when  the  towers,  or  derricks,  supporting  the  wire  at  the  crossing  of 
the  South  Canadian  River  were  washed  away  by  the  disastrous  freshet  then  prevail- 
ing. The  damage  was  repaired  by  the  military  authorities  as  soon  as  the  river  had 
resumed  its  normal  condition. 

The  Fort  Supply  and  Fort  Lewis  sections  have  been  operated  under  the  control  of 
the  local  military  authorities.  As  the  troops  are  to  be  withdrawn  from  Fort  Lewis 
on  or  before  October  1,  1891,  the  latter  section  will  probably  bo  abandoned  at  an 
early  date. 

Department  of  Texas, — The  new  line  from  Fort  Clark  to  Spofford  Junction  was  com- 
pleted early  in  September,  under  the  supervision  of  an  expert  Signal  Corps  lineman. 
The  poles  were  cut  by  troops,  and  the  other  materials  supplied  by  this  service  from 
lines  no  longer  in  use.  The  line  is  operated  without  extra  exx)ense,  and  carries  no 
commercial  uusiness. 

The  line  from  Brownsville  to  Fort  Ringgold  was  thoroughly  overhauled  by  detach- 
ments from  those  posts,  under  the  supervision  of  two  Signal  Service  operators.  The 
work  was  completed  March  12, 

The  other  lines  in  this  department  are  the  Fort  Davis-Marfa  section,  operated  with 
telephones,  and  a  loop  from  Department  Headquarters  at  San  Antonio  to  the  Western 
Union  office  in  the  cit3%  which  lias  been  operated  by  the  Signal  Corps  observer.  7'he 
Fort  Davis  section  was  discontinued  June  30,  consequent  to  the  abandonment  of  the 
post. 

Department  of  Ca/t/ontta.—J'he  only  military  line  in  this  department  consists  of 
about  4  miles  of  cables  and  8  miles  of  land  lines,  connecting  Department  Headquar- 
ters and  the  Signal  Office  at  San  Francisco  with  the  military  posts  at  Fort  liason,  the 
Presidio,  Alcatraz  Island,  and  Angel  Island.  Since  the  break  in  the  direct  cable 
betweeu  Fort  Mason  and  Alcatraz  Island,  business  for  the  island  posts  had  to  be  sent 
over  commercial  lines  as  far  as  Tiburon,  until  the  extension  of  tbe  Point  Reyes  line 
and  the  renting  of  a  conductor  in  the  commercial  cable  across  the  Golden  Gate  ren- 
dered direct  commnnioation  again  possible.  The  cable  between  Tiburon  and  Angel 
Island  gave  out  in  September,  and  as  it  was  reported  that  the  same  could  not  be  repaired 
without  heavy  expense,  a  quantity  of  new  spare  cable  w|s  shipped  from  this  office, 
but  before  it  arrived  at  San  ^'ranoisco  the  old  cable  had  been  repaired,  with  the 
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aasistance  of  tlio  military  authorities,  at  an  oxpenao  of  $350.  With  a  view  to  restor- 
ing direct  commnnication  between  Fort  Mason  and  Aloatraz  Island,  after  the  separa- 
tion of  the  military  and  seacoast  linos  shall  have  rendered  the  use  of  the  conductor 
in  the  Golden  Gate  cable  impracticable  for  military  purposes,  the  Chief  Signal  Ottioer 
ordered  some  4,000  yards  old  cable  shippe<l  to  San  Francisco  from  Woods  Holl.  This 
cable  is  now  stored  under  water  near  the  Presidio,  but  will  rciiuire  careful  examina- 
tion and  repairs  before  using.  The  fact  that  it  was  found  impossible  to  maintain 
former  cables  over  this  route,  on  account  of  the  groat  liability  to  damage  from 
anchors,  would  seem  to  make  it  inexpedient  to  lay  another  oue  under  present  condi- 
tions. The  cable  might  bo  held  in  readiness  for  an  emergency,  as  in  case  of  war,  or 
a  much  longer  one  should  bo  provided,  to  admit  of  a  route  outside  the  anchoring 
grounds.  In  the  meantime  busmess  to  and  from  the  islands  can  be  handled  over  the 
Western  Union  lines  between  iSan  Francisco  and  Tiburon,  to  bo  transferred  to  the 
Government  cable  at  the  latter  point. 


cial 

thorough  repair  by  troops,  and  maintained  therei^t 

This  service  furnished  a  considerable  quantity  of  now  poles  and  other  "^lino  material 

for  the  reconstruction  of  the  line,  and  also  authorized  the  employment  of  an  exi>ert 

lineman  for  one  month  to  superintend  the  work,  which,  at  last  accounts,  had  not  been 

entirely  completed. 


eovered  and  shipx>ed  to  Wilcox  for  use  on  the  Fort  Apache  section.  Similar  action 
was  ha<l  with  regard  to  the  telcphono  line  from  Fort  Lowell  to  Tucson^  which  was 
discontiuned  in  April. 

Communication  over  the  Fort  Apache  section  was  seriously  interrupted  during 
February  and  March,  owing  to  severe  freshets  in  the  Gila  and  Little  Colorado  rivers, 
which  not  only  did  much  damage  to  tbe  line,  but  prevented  tbo  repair  parties  from 
crossing  to  make  repairs.  During  the  continuance  of  the  flood  messages  to  and  fi*om 
San  Carlos  wore  flagged  across  the  river  from  temporary  signal  stations.  The  south- 
ern end  of  the  section,  from  Wilcox  to  Fort  Bowie,  was  largely  reconstructed  on  iron 
jKiles  during  February  and  March.  The  Signal  Corps  operator  at  Fort  Bowie  rendered 
valuable  services  in  supervibing  the  work  of  the  troops. 

The  terminus  of  the  Fort  Stanton  line  was  changed  from  Lava  to  Carthage,  by 
which  the  line  was  shortened  about  14  miles.  The  work  was  done  by  troops,  and 
occupied  one  month,  from  October  to  November,  in  its  completion.  Contrary  to  the  in- 
intentions  of  the  Chief  Signal  OOicer,  the  Signal  Corps  expert  from  Lava  was  employed 
in  oi>crating  temporary  stations  along  the  new  route  instead  of  supervising  the  work  of 
constraction,  which  was  poorly  dime  in  consequence.  Another  detachment  left  Fort 
Stanton  during  the  present  month,  accompanied  by  the  SignalCorps  operator  from 
Carthage,  to  remedy  the  defects  of  original  construction. 

The  Fort  Wiugate,  Fort  Union,  and  Fort  ]5ayard  lines  are  operated  under  the  con- 
trol of  the  respective  post  commanders. 

DepartmcHt  of  the  Pfa</«.— The  line  from  Fort  Bridger  to  Carter  was  dismantled  in 
October,  owing  to  the  abandonment  of  the  post.  The  iron  poles  were  recovered  and 
shipped  to  Forts  Custer  and  Kiley. 

The  1,188  iron  poles  that  had  been  shipped  to  Price,  Utah,  from  various  abandoned 
lines  were  put  into  the  Fort  Du  Chesno  line  by  troops,  July  10  to  'U.  It  is  estimated 
that  1,000  more  iron  poles  are  necessary  to  put  this  line  in  lasting  good  repair,  .as 
wooden  poles  are  liable  to  be  cut  down  by  freighters  or  rubbed  down  by  cattle. 

On  the  Fort  McKinney  line  8100  was  expended  for  general  repairs  in  "^October  last. 
On  the  recommendation  of  an  inspecting  oflicer  it  wus  ordered  that  a  number  of  iron 
poles  be  shipped  to  Fort  McKinney  daring  May,  but  the  order  was  cancelled  on 
receipt  of  inrormation  that  the  post  would  probably  be  abandoned  in  the  near  future. 

The  Fort  Washakie  lino  received  general  repairs  on  several  occasions,  an<l  has  been 
maintained  in  a  fair  state  of  eniciency.  It  is  in  a  very  weak  cimilition,  however,  and 
will  require  several  thousands  of  new  poles  and  many  miles  of  new  wire  to  put  in 
good  repair.  As  this  line  is  only  1<>aned  by  the  Goveninient,  and  is  not  i)rovined  for 
under  tne  law  making  appropriations  for  military  tclegrapli  lines,  the  Chief  Signal 
Officer  has  always  declined  to  expend  more  money  on  the  same  than  was  ab8olut«)]y 
ncceuary  to  maintain  communication  from  year  to  year,but  in  the  course  of  another 
year  a  considerable  outlay  of  money  and  labor  will  have  to  be  made  or  the  lino  must 
be  abandoned. 

KKACOAST  LINES. 

Jilantic  coast — The  lino  from  Norlolk  to  Ilatteran,  with  its  cable  branch  to  Capo 
Charles,  remained  in  excellent  working  order  until  January  10,  when,  during  xne 
progrcM  of  a  seyere  storm,  the  cable  across  Oregon  Inlet  was  broken  and  \\a  a\iotQ  en^ 
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torn  from  tbeir  landings.  Immediate  steps  were  taken,  under  the  personal  super* 
vision  of  Lieut.  Ellis,  to  recover  and  repair  the  cable,  but  it  was  found  that  the  north 
end  was  so  deeply  buried  in  the  sandy  shoals  as  to  render  its  recovery  impossible, 
and  that  a  new  cable  would  be  necessary  to  restore  communication  with  the  line 
0outh  of  the  inlet.  As  this  required  Conirrcssional  action  involving  a  delay  of  sev- 
eral months,  the  station  at  Hatteras  was  tompor«'-~'ly  closed  and  the  ©pcrat-or  at 
Kitty  Hawk  directed  to  telegraph  meteorological  reptn'ts  in  the  meantime.  A  new 
cable,  abont  2^  miles  long,  was  successfully  laid  June  0  ;o  7,  and  the  telegraph  olBce 
at  Hatteras  reopened  two  weeks  later.  The  now  cable  is  olamuch  heaver  type  than 
the  old  one  and,  like  the  latter,  has  two  conductors,  one  of  which  can  Lie  used  for  the 
Life -Saving  Service  telephone  line.  Its  greater  weight  and  longtli  make  it  more 
secure  against  damage  from  storms,  and  the  shore  ends  were  carried  far  enough  in- 
land  to  prevent  washouts  for  year^  to  come.  The  fact  that  shortly  after  the  break 
in  the  old  cable  thiee  shipwrecks  occurred  in  theimmeiliate  vicinity,  involving  a  loss 
of  ll)  human  lives,  emphaaized  tho  importance  of  maintaining  telegraphic  comniuni- 
catiou  with  that  dangerous  locality. 

The  Cape  Charles  cable  wa%brokon  April  18,  about  1  mile  from  the  Capo  Henry 
end,  ])resumably  by  the  anchor  of  the  steam  pilot  boat  Pilot.  The  broken  ends 
were  found  nearly  one-half  mile  apart,  and  as  it  was  found  impossible  to  pull  them 
together  they  wei*e  buoyed  in  the  best  manner  practicable,  and  a  sufficient  quantity 
of  spare  cable  was  ordered  shippe<l  from  lilock  Island  to  splice  into  the  break  ;  but 
owing  to  lack  of  funds  the  final  work  of  making  repairs  had  to  be  postponed  until 
after  July  1. 

Much  work  was  done  on  the  land  lines  also.  The  old  line  from  Norfolk  to  Komps- 
viile  was  abandoned  and  a  new  wire  strung  on  the  railroad  and  Western  Union  Com- 
pany's poles  between  those  points.  The  new  route  required  a  short  cable  for  the 
draw  in  the  bridge  across  Deep  Crock.  The  work  was  completed  daring  October. 
Thirty-three  miles  of  new  wire  and  300  new  wooden  poles  were  put  into  the  line 
between  Capo  Henry  and  Currituck  Inlet,  and  20  new  poles  and  6  miles  of  wire  on  the 
Kitty  Hawk  section.  During  the  coming  year  some  tiUO  new  wooden  poles,  65  miles  of 
now  wire,  and  a  corresi>ondiug  nnmber  of  insulators  and  brackets  will  be  required  to 
pot  the  Hatteras,  Kitty  Hawk,  and  Currituck  Inlet  repair  sections  in  good  condition. 

On  the  Wilmington-Southport  line  but  little  work  has  been  necessary.  Some  bO 
iron  poles  were  replaced  with  wooden  ones  in  March. 

The  line  from  Titusville  to  Jupiter  was  thoroughly  cleared  of  overhanging  limbs 
and  underbrush  daring  August  and  September.  It  is  reported  to  be  in  excellent  con- 
dition at  present. 

Excepting  the  damage  done  during  a  severe  sleet  storm  in  January,  which  bent 
the  iron  poles  nearly  to  the  gronnd,  the  Block  island  line,  including  11  miles  of  cable, 
has  remained  in  good  working  order.    The  damage  referred  to  was  promptly  repaired. 

The  Nantucket  system  of  cables  and  land  lines  sutfered  no  serious  interruption  dur- 
ing the  year.  All  of  the  iron  poles  remaining  in  use  on  the  main  line  were  replaced 
with  wooden  ones  in  January.  The  lines  proved  of  great  value  in  connection  with 
the  wrecks  of  the  U.  8.  steamships  Galena  and  Tnana,  March  12,  wh«^n  the  Signal 
Coq)8  operator  at  Vineyard  Haven  established  a  Hying  station  at  Gay  Head  to  facili- 
tate the  transmission  of  important  public  dispatches.  His  services  on  that  occasion 
were  acknowledged  in  a  special  letter  from  the  Secretary  of  the  Navy  to  the  Secretary 
of  War.  Much  of  the  success  in  the  efficient  operation  of  the  Nautnckct  system  is 
due  to  the  zeal  and  ability  of  the  chief  operator,  Sergt.  B.  A.  Blundon,  Signal  Corps. 

Pacific  coast — The  work  of  extending  the  Point  Reyes  line  from  Tiburon  to  Lime 
Ppint  was  completed  during  Jnly,  but  owing  to  a  series  of  nnfortunate  delays  on  the 
part  of  the  local  management,  due  to  the  pressure  of  other  duties  or  to  other  causes, 
the  reconstruction  of  the  lino  between  Fort  Point  and  San  Francisco  was  not  com- 
pleted until  December  3,  on  which  date  the  line  was  connected  with  the  rented  con- 
ductor in  the  cable  across  the  Golden  Gate  and  direct  communication  with  Point 
Reyes  reestablished.  On  the  original  line  $150  was  expended  for  general  repairs,  a 
lack  of  funds  proventing  the  more  expensive  but  very  necessary  work  of  setting  100 
new  poles  at  points  where  the  wire  is  now  carried  on  trees.  The  officer  in  charge  at 
San  Francisco  reports  that  the  bark  Electra  and  the  schooner  Sylria  Handy^  while  in 
distress  off  Point  Reyes,  were  saved  through  the  agency  of  the  Government  line  in 
summoning  assistance. 

The  cable  across  Wallacut  River,  on  the  Washington  side  of  the  Astoria-Fort  Canby 
section,  was  broken  in  September  and  found  to  be  worthless  for  repair.  The  further 
use  of  a  cable  at  this  point  was  dispensed  with  by  constructing  a  span  on  high  poles 
to  carry  the  lino  over  the  draw  in  the  bridge.  The  large  cable  at  the  month  of  the 
Columbia  River  has  given  no  trouble  whatever.  Extensive  repairs  arc  needed  to  the 
land  line  on  the  Washington  side  of  the  river. 

As  anticipated  in  last  year's  report  the  special  appropriation  of  $6, 800  for  renew- 
ing the  Tatoosh  Island  cable  and  land  line  proved  insufficient  for  the  purchase  of  a 
cable  alone,  as  the  new  tanff  laws  made  no  provisions  for  Importing  Government 
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cables  ftee  of  dnty.  Under  sabsoquent  legmlation  a  very  heavy  cable  has  been  con- 
traeted  for,  which  is  now  on  the  way  from  London,  and  the  work  of  rccondtrnctiug 
tbe  land  line  from  Port  Angeles  to  Ca])0  Flattery  was  bet^un  during  Jnne.  It  in  ex- 
pected that  comnianication  with  Tatoosh  Island  can  be  restored  on  or  before  August  1. 
Bospectfully  submitted. 

H.   H.  C.   DUNWOODY, 

Major  Signal  Corps,  Telegraph  Officer, 
The  CmsF  Signal  Officer. 


RSPORT  SHOWING  THE  WORK  OF  THE  TELEGRAPH  ROOM  AT  THIS  OFFICE. 

DiMng  the  past  year  there  were  audited  250  bills  for  telegraphic  services.  Twenty- 
fonr  estimates,  based  on  the  rates  fixed  by  the  Postmaster-General,  were  furnished  the 
disbnrsiDg  officer. 

There  were  received  and  sent  from  this  office  1,250,000  cipher  words  and  83,000  tel- 
egrams. 

Forms  204  B,  211,  and  232  were  received  from  all  stations  and  the  necessary  corre- 
spondenoe  in  reference  thereto  transacted. 

Daily  wire  reports  of  the  various  circuits  were  made  np  and  the  necessary  letters 
written  in  reference  to  weather  reporte  not  filed  or  transmitted  on  schedule  time. 

The  telegraph  service  has  been  excellent  with  bnt  one  exception,  when  in  couse- 
qnence  of  a  heavy  sleet  storm  during  the  night  of  January  24-25  direct  commnnica- 
tion  with  New  York  City  remained  int>errupted  until  the  evening  of  January  29. 
Doriog  this  period  the  New  England  and  Lake  region  reports  were  received  here 
via  Chicago,  Cincinnati,  and  Angnsta. 


Table  Showing  Aaiount  of  Cash  Receipts  at  Stations  of  the  United  States 
Military  Telegraph  Lines  for  the  Fiscal  Year  Ending  June  30,  1891. 

[Cash  belonsinf:  to  the  TTnited  States.] 


Stations. 

• 

Amount. 

1 

Stations. 

Amount. 

ARIZONA  DIVISION. 

Holbrook  section : 

Holbrook,  Ariz  .....^ 

Fort  Anache.  Ariz .-. 

1 

$22.41 
83.51  i 
26.60  ! 
109.45 
135. 45  ' 
233.  t6 
280.97  , 

73. 16  i 
56.54 

173.07  I 
284.85 

(i2. 70 
37.97  ; 

1 

NORTHERN  DIVISION— COUt'd. 

Du  Chesne  section : 

Fort  Du  Chesne,  Utah 

Taylor  Ranch,  Utah 

Price,  Utah 

99.63 
$2.12 

48.74 

Fort  Bowie,  Ariz 

Fort  Grant.  Ariz 

Washakie  section : 

Fort  Washak  ie,  Wy o 

Rawlins.  Wvo 

Fort  Thomas.  Arz 

178.45 

San  Carlos.  Ariz  .- 

137.37 

Willcox,  Ariz 

Fort  Stanton  section : 

Bisraark  section : 

Bismark,  N.  Dak 

203.61 

Fort  Stanton  N.  Mex 

CarthaiEe.  N.  Mex 

Fort  Yates,  N.  Dak 

Custer  section : 

Fort  Custer,  Mont 

Custer  Station,  Mont 

Canby  section : 

Fort  Canby,  Wash 

Astoria,  Oreiron 

109.65 

NORTHERN  DIVISION. 

BrowDSville  section : 

63.11 
87.71 

.368.96 
112.85 

Brownsville.  Tex ......... 

Elliott  oection : 

Fort  Elliott,  Tex.   (aban- 
doned Oct.  1,  1890). 

Total 

Rio  Grande  City,  Tex 

Reno  section : 

Vart  Reno   Okla 

18.55 

Fort  Sill,  Okla 

3,  Oil.  28 

WAR  91— VOL  IV- 
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Received  in  Trust  for  the  Western  Union  and  other  Commercial  Tklk- 

GRAPH  Companies  on  Account  of  Their  Tolls. 


Stations. 

1 
Amount. 

Stations. 

Amount. 

ARIZONA  DIVISION. 

Holbrook  section :        • 

Holbrook.  Ariz ............ 

81.50 
227.07 
106.95 
355. 51 
251. 71 
773. 79 

504. 25 

476. 26 
56.07 

.00 
471. 45 

428.06 
347.99 

510.05 

1 

NORTHERN  DIVISION— cont'd. 

Du  Chesne  section — Cont'd. 

Taylor  Ranch,  Utah 

Price.  Utah 

$14.39 

Fort  Aoftche.  Ariz ......... 

41.30 

Fort  Bowie.  Ariz...... .... 

Washakie  section : 

Fort  Washakie,  Wyo 

Rawlins,  Wyo 

Bismarck  section : 

Bismarck,  N.  Dak 

Fort  Yates,  N.  Dak 

Custer  section  : 

Fort  Custer,  Mont 

Cnster  Station,  Mont 

Can  by  section : 

Fort  Canby ,  Wash 

Astoria,  Oregon 

Fort  Grant.  Ariz 

420. 59 

Fort  Thomas,  Ariz 

San  Carlos.  Ariz  .......... 

00.00 

Willoox,  Ariz 

61.57 

Stanton  section : 

Fort  Stanton,  N.Mex 

Carthacre.  N.  Mox 

428.  8:J 
461.86 

1 

.    NORTHERN  DIVISION. 

Brownsville  section : 

00.00 

1,141.18 
138. 75 

Brownsville,  I'ex 

Elliott  section : 

Fort  Elliott,  Tex.  (aban- 
doned Oct.  1, 1890). 

Total 

Rio  Grande  City,  Tex 

Reno  section : 

Fort  Reuo  Ok  la 

68.76 

Fort  Sill.  Okla 

7,287.89 

Dn  Chesne  section : 

Fort  Du  Chesne,  Utah 

APPENDIX  3. 

MXPOBT  OF  THE  OFFICER  IN  CHARGE   OF   THE    VERIFICATION  OF  OF- 
FICIAL FORECASTS. 

Signal  Office,  Wak  Departmekt, 

Washington  City,  June  30,  1891. 

Sir  :  The  yerification  of  the  official  forecasts  issued  upon  the  daily  8  p.  m.  observa- 
tions for  the  year  ending  June  30,  181)1,  have  been  determined  by  the  established 
rules,  and  I  have  the  honor  to  submit  herewith  the  accompauyiug  tables  of  percent- 
age in  detail. 

in  originally  devising  and  arranging  the  rules  that  are  now  in  force  for  determin- 
ing the  pereentages  of  verifications  it  was  a  chief  consideration  to  make  the  per- 
oentages  represent,  with  the  closest  approximation  possible,  a  fair  and  just  estimate 
of  the  extent  of  success  of  each  forecast,  not  only  as  measured  and  estimated  by 


upon 

individual  impression  affected  by  accidental  circumstances  rather  than  definite  and 
indisputable  observations. 

While  it  will  be  generally  admitted  by  anyone  studying  the  question  closely  that 
onr  rules  for  determining  the  percentages  of  verifications  are  just  and  impartial  and 
baaed  upon  correct  principles,  yet  the  weather  problem  with  which  we  are  dealing  is 
so  exceedingly  complicated  that  in  publishing  opposite  a  series  of  forecast  oflicials' 
names  a  seiies  of  percentages  of  verifications,  it  is  only  just  to  particularly  poiutout 
a  faatter  well  known  and  understood  by  those  fully  versed  in  the  subject,  namely, 
that  such  percentages  are  not  strictly  comparable,  aud  hence  do  not  definitely  and 
with  certainty  measure  the  respective  ability  of  those  concerned.  The  reasons  for 
this  are  principally  because  of  the  much  greater  difilculty  of  successfully  forecasting 
rainy  and  unsettled  than  fair  weather,  together  with  the  seasonal  and  spasmodic 
variations  in  their  respective  occurrence.  No  clearer  proof  of  this  need  be  sought 
than  that  presented  by  a  comparison  of  the  percentages  of  verifications  of  the  fore- 
casts for  the  Pacific  coast.'  Year  after  year  these  percentages  are  higher  than  for  the 
rest  of  the  country,  not,  it  is  bolioved,  because  of  any  greater  ability  of  the  official 
having  charge  of  that  district  but  simply  because  of  the  greater  frequency  of  con- 
ditions most  favorable  for  successful  forecasts.  The  gradation  of  percentages  down- 
wards as  we  pass  northward  from  the  dry  sunshiu}'  climate  of  southern  California  to 
the  more  ordinary  and  rainy  climate  of  Washington  is  very  marked. 

Similar  circumstances,  seemingly  with  little  or  no  special  order  of  sequence  either  as 
to  time  or  locality,  prevail  also  over  the  region  east  of  the  Kooky  Mountains,  though  in 
much  less  marked  degree,  so  that  while  the  percentages  represent  closely,  it  is  be- 
lieved, the  success  attained  under  the  respective  conditions,  yet  so  loug  as  forecasts 
are  made  by  only  one  official  at  a  time,  their  respective  ability  can  not  be  fairly  de- 
termined except  by  the  mean  of  many  months'  work. 

It  has  often  been  thought  to  reduce  various  monthly  percentages  to  a  comparable 
basis  by  applying  a  system  of  monthly  corrections  or  constants  of  reduction  to  the 
average.  I  am  myself,  however,  convinced  from  a  close  examination  of  the  details 
that  such  corrections  are  highly  arbitrary,  and  can  not  bo  definitely  identified  with 
any  particular  month  any  more  than  the  particular  weather  of  each  month  is  closely 
identical  year  after  year.  The  variation  in  successive  monthly  percentages  is,  on 
the  average,  only  a  few  per  cent,  and  to  eliminate  from  this  small  variation  that  por- 
tion due  to  monthly  or  seasonal  peculiarity  requires  a  far  nicer  and  refined  mathe- 
matical analysis  than  the  data  and  material  at  hand  render  possible.  So  many 
chanjgPB  have  been  made  from  time  to  time  in  methods  of  forecast h  and  rules  for  veri- 
fication that  only  little  strictly  comparable  data  is  on  hand.  These  conclusions  are 
alike  applicable  to  wind-signal  displays  and  to  weather  and  temporatnre  foicca^t^ 

5\ 
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In  the  Annnal  Report  for  1888,  p.  60,  table  2,  is  given  the  average  monthly  per- 
centages of  jaBtiAcation  of  the  display  of  wind  signals  for  a  period  of  eight  ^ears  end- 
ing 1^.  This  table  shows  in  a  striking  manner  that  the  percentages  are  lowest  in 
the  sommer  months  and  highest  in  the  winter.  If,  however,  we  take  the  peroeutagea 
for  the  past  three  years,  during  which  new  rules  governed  the  display  and  verification 
of  wind  signals,  no  such  gradation  of  peroenta<;es  exists,  and  it  appea|^  very  arbitrary 
to  endeavor  to  establish  any  system  of  monthly  corrections  or  reductions  to  averages. 

A  third  year  has  now  passed,  during  which  there  has  been  practically  no  changes  in 
either  the  material  or  manner  of  preparing  forecasts  or  in  the  rules  and  principals  for 
their  verification. 

The  percentages  of  weather  forecasts  for  all  States  is  1.7  per  cent  higher  than  last 
year  and  2.5  per  cent  higher  than  in  1888-'^.  The  temperature  forecasts  for  this 
year  are  only  0.2  per  cent  behind  those  of  last  year  and  2.7  per  cent  higher  than  those 
of  the  year  ending  June  30, 1889. 

The  yearly  averages  of  weather  and  temperature  combined  for  the  three  years  just 

passed  are: 

Par  cent. 

1889 81.0 

1890 82.6 

1891 83.5 

A  very  gratifying  increase  is  found  also  in  the  yearly  averages  of  the  percentages 
of  Justification  of  the  display  of  wind  signals,  which  are  as  follows : 

^  Per  ceot 

1889 67.3 

1890 67.1 

1891 70.9 

The  detailed  percentages  are  given  in  the  tables  which  follow. 

C.  F.  Mar\in, 
Atmtant  Professor  in  Charge  Verifications, 
Th«  CnUF  SlQNAI,  Officeiu 
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MassachuBetta 

libcxJe  Island 

CODDecticat , 

Eastern  New  York 
Western  New  York 
Eaatera  PeooBjlvauia. 
Western  PeDnHjlrania. 

New  Jersey 

Del&woie 

Ukryl&nd 

District  ofOalnm^ia 

Virginia 

North  Carolina . 
Sooth  Ciirolinit . 

Georgia 

Eaatcm  Florida 
WeM*ni  Florida... 

Alabama 

MiaaiiiBippi 

Louisiaua 

Texaa 

Arkansas 

Tenneswe 

Keotiicky ^. 

Ohio    

West  Virgiaia 

iDdiaaa , 

Illinois 

Lnwer  UichigBD . .. 
Upper  Hicbigau . .. 


MioDMota . . 

Nebraska.. , 

Colorado  ... 

Dakota,  North , 

Dakota.  Sonth 

Weather 

Temperature 
Weal  her  and 

Pceifie 

-SoDihern  California 
Kortbent  California 

Or^con .., 

WadiiDi^n 

Weather 
Tempenitare  ... 
Weather  and  tei 
I  peratnra    con 

1  bined 
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Forty-eigbt  hour. 

e«veLtj.tw 

hour. 

Weather. 

Tempera- 
ture. 

s 

t 

1 

Weather. 

Tempera- 
tnrt. 

L 

Monlbfi. 

1 

1 

1 

£ 

1 

[^ 

1 

a 

1 

.S 

1 

11 

1S90. 
July 

JVo.. 
« 
IS 
111 
11 
35t 
34J 

TA 

49 
214 

M 

181 

P.cL 
87.4 

fiai 

75. « 
60.0 
1)4,0 
»4. 1 

56.G 
&I.6 
7«.9 

93.8 
91.8 
86.4 

... 

54 

86 
104 

a 

78 
158 

43 
75 
23 
115 
37 
B7 

P.  el. 
4*^1 
«5.4 
81.3 
83.3 
66.7 
94.4 

90.3 
4«.:l 

100.0 
87.0 
97.0 
83.5 

i-.ei. 

rj.5 

61.8 
77.8 
63.6 
03,3 

67.5 

66.1 
64,0 

83,8 
92.4 
93.0 
85.9 

-Ve, 
13 

BT.6 

yo. 

p.  el. 
44,.'! 

p.  el. 

76.3 

BeiitemW 

KuVBDiber 

li 

95.0 
96.0 

7 

18.6 

73,6 

1801. 

Fttbruary  

6 

w«'. :::::: :::::. 

4 

100,0 

40 

96.^ 

Total 

1,416 

83.8 

773 

65.3 

84.1 

96 

92.  a 

18 

46.7 

87.1 
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11 

Monti).       !  ■= 


July I    iii  3i; 

Aagaat 'il  32!... 

September....'    4:1  ^     3 

Octol«r I  lail  7S)|    9 

NavciDlier lIMi 

December |    !)'>i 

ItOl.    .    ; 

Jaunnry '    8T 

Kebmnry !  lIC 

Mftrcli ,  in 

April I    111 

Mnj I    Till 

Jmio I    20; 

Total . . 


3i  ar.i  '£r-  ui 


)'<.l&9l  20'  :l 

I         I         ! 

HIT  ceut. 


331     40     401    W 


G  G2.r> 
13  !>a.[> 

10   71.7 


ilU  C0.1  2i2l  1S8-70.' 


Jaoaarr 1^ 

Ft^brnatj '■  ;178 

Uarch ;  lU 

April !       0 

Total I  BWi      550 


e-fiill 

^■^ 

'». 

iP 

s-sl 

~1» 

a, 

ftsp 

-= 

~ 

m 

1 

m 

57.0  I    4-J7  I    2ao  ' 
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TaBLB  v.— FERCENTAaES   OF   FORECAST    OEFICIALB,    YEAR  X^tDlKQ   JUSE   30     1891. 


Officials. 

Montbs, 

II 

'i'i 

It 

C  a 

August,  1R9U 

January.  181*1 

Annual  a verogo. 

JdIj-,  1830 

December,  1«9(1 

86.0 
80.7 

81.6 
83.0 

64,2 
85. « 

62.5 

81.7 

84.2 

8G.4 

82.2 

81.7 

74.1 

81.7 

Capt.AllPU 

86.  4 
f)5.7 
88.0 

79.3 
81.  a 

74.9 

83.1 

83.9 

6.1.3 

77.5 
67.0 

77.4 
82.1 

Add  ual  average. 

Septeml>er,  ISM 

October,  1830 

Febrnarj-,  lbt)l 

Au  u  Dal  average . 

June,  1891 

NoTember,  18H0 

^.7 

78.1  1  83.3     70.3 

79.6 

83,0 

T3.9 

79.4  [58.5 

73.4 

i)0.4 

77.1 
84.2 

83.9  \  71.7 
87.9  1  tiD.7 

82.7 

89.5 

80.7 

M.9  J70.7 

81.5 

83.fi  1  72.1 

78.9  j  41.5 

86.8 
87.2 
88.8 

82.4 
73.0 

80.3 

86.3 
81.5 
85.4 

82^1 

73.0 

Ann  Dal  average. 

88.3 

78.6 

84.4 

75.3 

8,.a 

115.9 

94.0 
92.4 
93.4 

94.0 

87!? 
85.2 
87.4 
89.0 

90.' 1 

79.1 
79.6 

60.1 
74.8 
89.  9 
86.  G 
88.5 
87.1 
79.7 
78.9 
75.0 
86.9 

89.2 
88.2 

87.  .-i 
8G.0 
92.7 
88.0 
88.0 
86.0 
84.  3 

a-i-o 

83.9 
88.B 

AtigoBt,  leao 

Ootober,  1890 

Novembor,  IBM 

December.  1890 

JauQBiy,  1331 

February.  1891 

An  Dual  average. 

90.7 

83.2 

87.3 

APPENDIX  3. 

[Part  2.] 
WEATHER  FORECASTING  AT  THE  SIGNAL  OFFICE  JUNE  80,  1891. 

On  July  t.  189]f  the  duties  of  the  Signal  Oflice  were  divided,  a  part  going  to  the 
Signal  Corps  proper  and  another  part,  that  relating  to  the  weather,  was  transferred 
to  the  Weather  Barean.  It  has  seemed  advisable  to  note  a  few  of  the  more  salient 
points  and  principles  that  have  been  established  by  the  Signal  Office  in  its  work  of 
ibrecasting  the  weather.  It  has  been  suggested  that  this  work  is  done  by  iytnition, 
and  that  it  would  be  almost  impossible  for  a  good  forecaster  to  impart  his  knowledge 
to  another.  This  view  needs  a  little  explanation,  I  think.  It  means  that  long  years 
of  practiee  are  needed  to  enable  one,  at  a  moment's  glance,  to  grasp  the  more  im- 
portant points  on  a  weather  map,  and  to  determine  just  what  the  indications  are  for 
the  near  future.  It  means  that  we  can  not  draw  up  a  formula  into  which  we  can 
ent«r  certain  quantities  and  then  solve  the  equation.  While  a  forecaster  learns  by 
practice  to  restd  a  map  quickly,  yet,  I  think,  if  called  upon  at  any  time  to  give  a 
reaaon  for  a  certain  forecast  he  would  be  able  to  explain  his  train  of  thought,  though 
at  the  moment  it  may  have  come  to  him  without  a  long  study. 

My  own  experience  in  this  work  has  been  since  September,  1887,  only.  I  found 
that  no  general  principles  had  been  laid  down,  and  that  it  was  necessary  for  each  one 
to  work  out  his  own  principles  by  a  study  of  the  maps.  It  must  be  admitted  that 
there  was  a  certain  advantage  to  bo  gained  in  this  experience,  for  by  it  one  does  not 
set  his  information  second  hand  or  in  a  way  which  he  would  find  it  difficult  to  apply, 
but  he  learns  the  work  little  by  little,  and  by  repeated  failures  finds  Just  what  he  is 
ab^B  'to  tell  fairly  well  and  just  where  the  doubtful  points  are.  To  my  mind,  how- 
ever, there  are  certain  fundamental  ideiis  which  can  be  written  out  quite  easily  and 
which  will  be  of  great  help  to  a  beginner  in  this  work. 

AVERA.OE  CONDITIONS  ONLY  TO  BE  PREDICTED. 

ViTst.  We  can  hope  to  predict  average  conditions  only.  That  is  to  say,  taking 
Ave  hundred  maps  in  any  month,  the  person  who  could  go  through  those  maps  and 
make  the  best  predictions,  taking  them  as  a  whole,  would  be  the  most  successful 
forecaster.  Another  x>erson  might  do  better  on  a  hundred  of  the  maps,  but  he  could 
not  take  up  a  new  map  for  that  month  and  do  as  well  as  the  first.  The  importance 
of  this  point  may  not  at  first  be  recognized.  It  is  very  essential  to  fix  distinctly  in 
mind  that  one  must  expect  to  forecast  on  an  average  condition  only.  If  he  finds  a 
particular  case  in  which  he  has  failed  he  must  learn  to  feel  that  were  a  similar  case 
to  come  np,  or  even  the  very  same  case,  he  would  make  exactly  the  same  prediction. 
It  seems  to  me  the  best  goal  to  set  before  one  in  forecitetiug  is  to  bo  able  to  make  the 
same  prediction,  from  the  same  map,  over  and  over  again,  110  matter  how  many  mouths 
have  intervened  between  the  trials,  and  though  each  attempt  should  give  not  more 
than  70  per  cent  as  a  result,  for  I  feel  sure  there  are  such  maps.  If  a  person  finds 
he  has  failed  in  any  particular  case  and  tries  to  apply  that  seemingly  new  principle 
on  a  sabseqaent  apparently  similar  map,  he  will  again  fail,  because  the  original  fore- 
cast depended  on  an  average  condition  and  the  second  map  was  an  average  map. 

A  good  example  of  this  principle  has  been  recently  called  to  my  attention  by  Prof. 
Carpmael,  of  Toronto,  Canada.  Several  years  ago  one  of  his  foreciisters  predicted  a 
thaw  on  a  map  that  had  every  appearance,  as  Prof.  Carpmael  thought,  of  a  hard 
fteexe ;  bat  sore  enough  the  thaw  came.  Two  or  three  years  afterward  another 
forecaster  in  examining  the  old  maps  came  across  the  above  abnormal  case ;  and  it  so 
happened  juat  abont  that  time  he  had  a  map  exactly  like  the  former,  and  because  of 
the  saooess  in  the  former  case  he  predicted  a  thaw.  When  Prof.  Carpmael  saw  the 
map  he  decided  at  once  that  there  would  be  a  very  severe  cold  wave,  and  calling 
the  •ttention  of  the  forecaster  to  what  the  map  seemed  to  indicate,  he  was  shown 
the  pi»¥ioiw  map  on  which  the  orediction  of  a  thaw  had  been  successful.    In  the 
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second  C.1S0,  however,  there  was  a  very  lianl  freeze,  ono  of  the  worst  of  the  whole 
winter.  This  wouUl  also  seem  to  show  that  we  rannot  jiredict  very  satisfactorily 
upon  the  idea  of  types,  but  every  map  must  he  studied  on  its  merits  alone,  without 
trying  to  lind  a  previous  ono  that  looks  almost  exactly  like  it. 

PEUSISTENCY  OF    WEATlIEll  CONDITIONS. 

Another  principle  to  he  borno  in  mind  is  that  i)revailing  conditions  are,  as  a  gen 
eral  thing,  more  likely  to  continue  than  to  change.  We  have  common  proverbs 
which  enforce  this  principle,  **all  signs  of  rain  fail  in  a  dry  time;"  "it  will  not  stop 
raining  till  the  moon  changes,"  etc.  It  ^vill  be  repeatedly  found  that  when  clouds 
are  breaking  away  aft«r  a  long  rain  it  is  nnwise  to  forecast  clearing  for  at  least 
twelve  hours.  This  is  specially  true  for  the  lake  regions  and  the  mountains  of  the 
east  part  of  the  country.  One  of  the  first  rules  that  a  forecaster  learns  is  that  he  is 
likely  to  anticipate  altogether  too  much  rain,  and  that  there  is  often  a  remarkable  per^ 
sistency  in  fair  weather  conditions.     Even  after  clouds  come  up  in  the  southeast 

3uadrant  of  a  storm,  unless  rain  has  already  begun  falling  to  the  westward,  it  is  very 
angerous  to  predict  rain.    This  is  espcially  the  case  if  the  high  area  in  front  of  the 
Btonn  has  any  tendency  to  the  south  or  southeast. 

FORECASTS  CAN  NOT  BE  MADE  ON  GENERAL  IJV.WS. 

The  ordinary  theory  is  that  rain  is  generally  caused  by  the  condensation  of  moist* 
nre  in  an  ascending  current  of  warm,  moist  air.  It  is  certain,  however,  that  no  use 
whatever  can  be  made  of  this  theorv  in  forecasts.  Rain  certainly  does  not  occur  at 
the  centers  of  our  storms  where  we  would  naturally  expect  the  strongest  upward 
tendency.  It  does  fall  frequently  in  the  southeast  quadrant  of  storms,  but  even  this 
rnle  can  not  be  followed  in  forecasting  rain  for  the  reason  that  the  distance  from  the 
center  of  the  storm  is  very  uncertain,  and  often  there  is  no  rain  to  the  southeast. 
The  only  safe  rule  to  follow  is  to  locate,  as  near  as  possible,  the  position  and  extent 
of  rain  areas  which  have  already  begun,  on  successive  maps.  Oftentimes  when 
scattered  light  rain  has  occurred  in  any  region  one  feels  very  certain  that  rain  is  sure 
to  occur  at  some  points,  but  it  is  much  safer  not  to  try  to  predict  the  particular  locali- 
ties, but  to  leave  out  the  rain  prediction,  for  the  reason  that  one  is  just  as  likely  to 
pnt  the  '*  rain  **  exactly  where  it  does  not  occur,  and  the  **  fair  "  just  where  it  rams. 
Thisis  especially  the  case  west  of  the  Mississippi  River,  and  wherever  there  is  not 
mnch  rainfall. 

NORTUERI-Y  CURRENTS  MEETING  SOUTHERLY. 

There  is  a  single  partial  exception  to  the  rule  that  rain  can  not  bo  predicted  on 
general  principies,  and  this  is  when  there  is  foreseen  a  marked  movement  of  the  air 
from  both  north  and  south  areas  toward  each  other.  This  occurs  when  a  high  area 
hovers  over  the  Southern  Stat-es  and  a  partial  trough  is  formed  with  another  high  to 
the  north.  Under  these  conditions,  which  ordinarily  might  be  anticipated  to  give 
the  cleareat  weather,  clouds  will  frequently  arise  and  light  rains  will  fall.  Lvcn 
here,  however^  great  caution  is  needed,  and  it  is  generally  safer  not  to  try  to  forecast 
rain  nnless  one  Las  seen  rain  already  falling.  This  is  especially  the  cose  in  tiio  colder 
months  of  the  year. 

LOCI  OF  STORMS. 

It  will  be  found  that  at  cert)iin  times  there  is  a  remarkable  persistency  in  theoccnr 
rence  and  beginning  of  storms  in  certain  well-deiinod  localities.  One  of  the  best 
marked  of  these  is  in  west  Texas,  another  is  over  Lake  Michigan,  still  another  over 
North  Carolina.  The  latter  often  moves  to  the  Middle  Atlantic  coast.  In  such  cases 
storms  seem  to  hover  around  these  loci,  oftentimes  rain  will  emanate  from  a  low  area 
and  spread  over  the  whole  country  without  any  motion  whatever  of  a  low-pressure 
area.  Such  rains  are  the  most  difiicnlt  of  all  to  predict,  and  occur  usually  at  a  time 
when  the  upper  movement  of  the  whole  atmosphere  is  very  much  diminished.  In 
fact,  it  may  be  laid  down  as  a  general  rule  that  when  there  is  a  rapid  movement  of 
storms  and  high  areas  across  the  country  the  weather  and  temperature  are  far  easier  to 
predict  than  when  this  movement  slows  down.  In  the  former  case  storms  are  much 
more  likely  to  clear  up  clean  and  not  leave  straggling  showers,  the  temperature, 
especially,  runs  in  much  more  marked  contrasts,  and  its  changes  are  far  easier  to 
forecast. 

RAINFALL  ON  THE  GULF  COAST. 

Rain  on  the  Qulf  coast  does  not  follow  any  rules  at  all  except  that  if  it  baa  be^un 
seemingly  in  the  center  of  a  fair  condition  one  can  not  with  safety  x^rcdict  anything 
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but  sbowersy  and  continno  this  prediction  until  tlio  raiu  has  ceased.  This  is  espe- 
cially true  of  Florida.  A  remarkable  weather  condition  sometimes  prevails  on  tho 
Gulf^  and  this  has  not  as  yot  been  thorouehl^'  studied.  During]:  times  of  prolonp^ed 
drought  in  the  Qnlf  States  it  will  bo  found  that  rain  is  often  much  more  likely  to 
occur  in  the  interior  than  on  the  immediate  coast.  This  is  especially  true  in  hot 
summer  weather.  On  the  immediate  lake  shore  it  is  generallv  safe  to  predict  show- 
ers on  the  approach  of  well-marked  low  areas,  though  even  this  is  not  an  invariable 
rule. 

SUREST  CONDITIONS  FOR  FAIR  WEATHER. 

There  are  certain  remarkable  conditions  under  which  one  is  always  safe  to  predict 
fair,  even  though  the  skies  are  very  threatening  and  a  strongly  marked  low  area  is 
advancing.  These  conditions  are  when  a  high  area  of  great  magnitude  moves  south 
or  tontheast  from  the  northwest  and  is  followed  in  tho  extreme  northwest  by  a  low 
area  of  seemingly  great  intensity.  Often  the  barometric  gradient  becomes  steep 
enough  to  give  winds  of  40  and  50  miles  per  hour,  and  everything  betokens  a  very 
severe  storm.  Nevertheless  no  ram  is  likely  to  occur  in  front  c»f  the  storm,  and  this 
condition  will  continue  until  the  high  area  begins  to  give  way  and  the  southerly 
wiud  dies  down  to  almost  a  calm ,  after  that  rains  may  be  expected,  especially  in  the 
lake  regions  and  on  the  Atlantic  coast.  This  condition,  however,  must  be  carefully 
distinguished  from  another  which  at  first  sight  seems  analogous,  but  which  gives 
entirely  different  results.  This  is  when  tho  high  area  in  front  of  the  storm  takes  an 
easterly  trend,  the  winds  from  tho  latter  are  more  easterly  and  cooler,  and  as  a  con- 
sequence rain  immediately  begins  in  the  lake  regions  and  persists  for  a  long  time,  or 
until  tho  storm  has  completely  passed  over,  or  the  high  area  has  finally  taken  a  south- 
erly tendency. 

RAIN  IN  HIGH  AREAS  OR  THE  REAR  OF  STORMS. 

A  rather  remarkable  accompaniment  of  these  conditions  just  described  is  the  occur- 
rence of  rain  in  the  rear  of  the  storm.  This  is  one  of  the  safer  predictions  to  make, 
although  seemingly  directly  contrary  to  all  the  principles  of  forecasting  to  which 
one  becomes  accustomed  in  the  East.  In  tho  Atlantic  States  it  is  well  known  that 
while  the  stonn  is  still  to  tho  westward  southerly  winds  spring  up,  bringing  more  or 
less  rain,  but  after. the  low  area  has  passed  by  ra'therstrong  and  very  dry,  cold,  west, 
and  northwest  winds  come  in  and  the  sky  clears  almost  innnediatoly.  On  the  con- 
trary, in  the  West,  the  warm  southerly  winds  are  very  dry  and  no  rain  occurs  in  front 
of  the  storm,  while  the  cold  west  wiuds  bring  on  rain  which  fre([uently  persists  even 
to  the  center  of  the  high  area.  It  seems  probable  that  the  proximity  of  the  Atlantic 
Ocean  in  the  former  case  and  of  the  Pacific  in  the  latter  may  account  for  these  dif- 
ferences. The  movement  of  the  clouds  in  the  rear  of  the  western  storm  is  from  the 
Pacific,  as  may  be  seen  readily  on  the  cloud  chart,  and  this  indicates  a  tendency  for 
moist  currents  from  the  Pacihc  to  blow  into  the  rear  of  the  storm.  CJen.  Greely  has 
suggested  that  moist  currents  from  Hudson's  Bay  may  also  blow  to  the  north  of  the 
storm  and  then  circulate  to  the  rear.  Many  more  stations  to  the  north  and  west  will 
be  needed  to  B«itisfactorily  account  for  this  anomaly.  It  is  well  known  that  in 
Europe  more  rain  falls  in  the  rear  than  in  the  front  of  storms,  and  in  this  case  the 
ocean  lies  to  the  westward. 

RISING  PRESSURE  TO  THE  SOUTH.' 

■ 

Gen.  Greely,  in  ''American  Weather, ''  has  suggested  a  rule  that  when  the  pressure 
begins  rising  to  tho  southwest  it  will  shortly  clear  away  in  regions  toward  the  north- 
east, if  it  has  been  raining  or  threatening  there.  This  role  is  true  in  any  part  of  the 
country,  provided  there  is  a  sort  of  spontaneous  rise  in  the  })re8sure ;  I  mean  a  rise 
not  accompanied  by  a  high  area ;  but  if  a  high  area  pushes  south  and  the  pressure 
rites  on  that  accountf  the  winds  must  first  get  well  into  tho  southwest  aud  rather 
strong  before  the  sky  will  thoroughly  clear. 

VERIFICATION  OF  WEATHER  PREDICTIONS. 

It  is  well  recognize<l  that  in  a  month  where  rains  are  frequent  and  when  they  are 
more  or  less  spontaneous;  that  is,  when  they  do  not  accompany  well-marked  storms, 
it  is  very  uincb  more  difficult  to  forecast  the  weather  than  in  other  months  when 
there  is  %  strong  persistency  toward  fair  weather.  The  public,  however,  lose  sight 
of  these  facts,  and  are  inclined  to  measure  the  ability  of  one  in  making  forecasts  by 
the  percentage  which  is  accorded  in  his  month.  This  may  bo  partially  obviated  by 
allowing  for  the  rains  in  any  month.  In  any  case,  however,  the  true  method  of 
verif^'iug  a  prediction  would  £cem  to  be  by  experts  from  the  map  on  which  the  pre- 
uicUon  was  Daaod  rather  than  on  the  resulting  weather. 
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LOCAL  FORECASTS. 

•  It  seema  probable  that  a  wrong  impression  has  gone  abroad  regarding  the  errors 
'which  arise  in  making  forecasts  at  the  central  office  in  Washington.  It  is  thought 
by  many  that  serious  failures  have  occurred  from  neglecting  local  signs.  It  can  bo 
shown  readily  that  95  per  cent  of  the  errors  are  due  to  rapid  changes  in  the  greater 
or  more  general  movements  of  the  atmosphere,  and  not  to  the  neglect  of  local  causes. 
These  greater  movements  may  be  more  carefnilv  studied  at  a  central  office  by  experts 
than  by  local  forecasters  at  their  stations.  There  is  a  slight  advantage  which  the 
local  forecaster  has,  in  that  he  can  make  his  prediction  three  hours  later  than  the 
main  office,  but  aside  from  this  there  would  seem  to  bo  a  greater  advantage  at  the 
central  office  than  on  station. 

H.  A.  Hazen, 
Frofeisor  of  Meteorology. 


APPENDIX  4. 

REPORT  OF  FORECASTS  OF  COLD  WA  FES. 

Washington  City,  June  30,  1891. 

Sir  :  I  have  the  honor  to  report  as  follows  on  the  prediction  of  cold  waves  from  Oc- 
tober, 1890,  to  April,  1891. 

Cold- wave  signals  are  directed  by  telegraph  from  central  office  in  Washington  City 
to  be  hoisted  at  various  stations  throughoat  the  country  when  the  weather  map  in- 
dicates the  probable  occurrence  of  a  sudden  fall  in  temperature  going  about  as  low 
as  freezing  point. 

Temperature-fall  warnings  are  seut  to  places  by  telegraph  when  the  falls  antici- 
pated are  just  on  the  verge  of  what  would  justify  a  cold- wave  warning.  No  signals 
are  displayed  for  temperature-fall  warnings.  Tbey  are  sent  with  the  weather  tore- 
casts,  and  consist  of  definite  statements  of  what  the  fall  anticipated  will  be  in  degrees 
and  what  the  temperature  will  be  at  its  lowest. 

A  cold- wave  warning  is  considered  jus tifiod  in  difterent  ways  in  different  parts  of 
the  country. 

In  the  States  of  Minnesota,  North  and  South  Ddkota,  and  Montana  a  cold-wave 
signal  is  justified  when  there  occurs  a  fall  of  temperature  of  20^^  or  more  in  twenty- 
four  hours,  going  to  or  below  32^. 

In  the  States  of  Wyoming,  Colorado,  Kansas,  Nebraska,  Iowa,  Missouri,  Wisconsin, 
Illinois,  Michigan,  Indiana,  Kentucky,  Ohio,  West  Virginia,  New  York  (except  New 
York  City  and  Long  Island),  western  Pennsylvania,  Vermont,  New  Hampshire, 
Massachnsettfl,  Connecticut,  Rhode  Island,  and  Maine  a  cold-wave  signal  is  justifie<l 
when  the  fall  of  temperature  in  twenty-four  hours  is  18^  or  more  and  goes  to  or  below 
34^. 

In  New  York  City  and  Long  Island,  eastern  Pennsylvania,  the  District  of  Colum- 
bia, the  States  of  New  Jersey,  Delaware,  Maryland,  Virginia,  North  and  South  Caro- 
lina, Tennessee,  Georgia,  northern  Alabama,  northern  Mississippi,  northern  Louis- 
tana,  the  Indian  Territory,  Arkansas,  and  Texas  (except  a  strip  of  country  100  miles 
wide  along  the  coast),  a  cold-wave  signal  is  justified  when  the  fall  in  temperature  in 
twenty- four  hours  is  16^  and  goes  to  or  below  36°,  except  at  Charlotte  and  Wilming- 
ton, North  Carolina,  Charleston  and  Columbia,  South  Carolina,  Atlanta  and  Savan- 
nah, Georgia,  Montgomery,  Alabama,  Meridian  and  Vicksburg,  Mississippi,  and 
Shreveport,  Louisiana,  where  a  fall  of  16^,  going  only  as  low  as  40^,  justifies  a  cold- 
wave  signal. 

In  ascertaining  whether  a  cold  wave  is  justified  the  temperature  changes  aro  used 
oceuixing  in  the  period  of  thirty-six  hours  after  the  time  the  signal  is  ordered  hoisted. 

A  fall  of  temi>erature  of  22°  in  thirty-six  hours  (after  reduction  for  diunial  range  of 
temperature),  or  a  total  fall  of  28°  in  forty-eight  hours,  also  iustifies  the  display  of  a 
cold-wave  signal.  There  was  not  a  single  case  last  season  where  this  thirty-six -hour 
and  forty-eight-hour  condition  justified  a  cold  wave,  where  it  was  not  also  justifieil 
by  the  other  condition.    It  is  therefore  superfluous  as  a  criterion. 

A  cold  wave  without  signal  is  where  no  signal  is  displayed  and  a  fall  of  20->  or  more 
in  twenty- four  hours  occurs  over  50,000  square  miles  of  country,  and  the  temperature 
goes  to  or  below  freezing  point. 

A  si^al  is  considered  **  late ''  when  a  cold-wave  signal  is  ordered  and  justified,  and 
a  fall  in  temperature  sufficient  to  justify  a  signal  has  occurred  at  two  stations  within 
the  United  States  at  least  100  miles  apart,  in  the  twelve  or  twenty-four  hours  ending 
with  the  observation  preceding  the  order.  A  late  signal  is  given  a  weight  of  75  per 
cent  in  verifying  signals. 

Temperatnre-fall  warnings  of  20°  or  more  in  twenty-four  hours  are  considered  ver- 
ified wnen  the  falls  occurrini^  twenty-four  hours  after  the  warning  are  1G°  or  greater. 

The  temperature-fall  waminjgs  of  10°  to  14°  are  considered  justified  when  tlie  fall 
in  twenty-lonn  after  the  warning  is  10°  or  more  and  the  temperature  goes  below  32°. 

The  number  of  cold-wave  signals  displayed  at  the  various  places  throughout  the 
country  in  the  different  months,  the  number  of  signals  verified  according  to  the  above 
mles,  and  the  number  of  severe  cold  waves  without  signals  are  shown  in  the  follow- 
in :;  table. 

Doring  the  whole  season  there  were  no  *'}ate"  Bignskla, 

a 
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uevery  case  bfld  failures  ott  cold-wave  iTariiin;;t.     ^Vhuu  the  luruiiorature  is  below 


..__ a,K, 

3S°,  maoniiceineiita  of  falls  of  I'i^  \ 


ulO-> 


e  very  important. 
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Summary  of  Cold-wave  Signals,  Season  of  181>0-'91. 


• 

1890. 

1891. 

"5 

Oct. 

1 

Nov.    Dec. 

1 

Jan. 

Feb. 

Mar. 

Apr. 

o 

Cold-wave  siflTDals  hoiBted ......... 

0 

60 

16 

26.7 

• 

158 

103 

65.2 

64 

188 

101 

53.7 

9 

378 

266 

70.4 

44 

114 

62 

54.4 

0 

898 

Cold- wave  signals  verified 

548 

Percentage  oi  verification 

61.1 

Severe  cold  waves  without  signals. 

• 

20 

0 

137 

TWKNTY-FOUR  HOUR  TEMPERATURE  FALLS  WHILE  COLD-WAVK  SIGNALS  WERE  DlS- 

PLATED,   BUT  NOT  VERIFIED. 


26^  falls 

1 

I 
1 
3 
3 
2 
4 
4 

•  «  •  •%  * 

1 
2 

2 

24^  falls 

3 

22^  falls 

1 

20°  falls 

k 

2 

3 

12 

13 

18 

5 

l&^  falls 

...... 

6 
6 

2 

7 
7 
4 

1 
7 
6 
7 

9 

16°  falls 

33 

14-^  falls 

36 

12^  falls 

39 

Temper ATu RE-FALL  Warnings. 


Number  of  warninirs...... ........ 

0 

6 
6 

119 
73 

61.3 

119 
59 

103 
50 

74 
26 

16 
6 

:{7.5 

437 

Waminirs  verified 

220 

^ 

Percentaire  of  verification  . . . 

100.0 

49.6 

48.5 

35.1 

50.4 

Temperatare  wamingjs  in  place  of  cold-wave  warnings  is  an  innovation  designed 
to  reduce  the  dumber  of  cold- wave  signals  displayed,  and  yet  give  due  notice  to  the 
public  of  any  important  temperature  falls.  The  plan  worked  satisfactorily  the  past 
season.  The  number  of  cold-wave  signals,  898,  is  less  than  that  for  the  years  preced- 
ing, being  1,298  in  1889-'90  and  1,538  in  1888-»89. 

Giving  the  tomperatnre-fali  warnings  half  weight  as  compared  with  cold-wave 
warnings  the  percentage  of  verification  of  both  combined  for  season  1890^*91  is  59.5. 
The  percentages  separately  are  for  cold  waves  61.1  and  for  temperature  falls  ^0.4. 

In  the  cases  of  failure  01  verifications  of  temperature-fall  warnings  on  account  of 
insufficient  fall,  many  of  the  warnings  come  within  a  degree  or  two  of  being  verified. 

The  percentage  of  verification  of  cold  waves  for  1889-^90  was  55 ;  for  lti88-'89  it 
was  56.8. 

If  all  the  cold-wave  signals  were  considered  verified  by  a  fall  as  small  as  14'\  the 
percentage  of  verifications  for  1890-'91  would  be  71.3, 

The  number  of  cases  of  cold  waves  without  signals,  137,  was  very  large  during  the 
past  season.  The  number  at  6  places  in  New  England  was  22,  and  at  30  places  west 
of  the  Mississippi  River,  84. 

The  total  number  of  places  for  which  warnings  are  issued  is  94.  East  of  the  Mis- 
sissippi at  48  places  there  were  31  cases  of  occurrence  of  cold  waves  without  any 
signals  displayed.  Most  of  the  oases  of  cold  waves  without  signals  were  in  the  North- 
west in  the  States  of  Minnesota,  North  and  South  Dakota,  and  Nebraska.  At  Moor- 
hcatl,  Minn.,  for  instance,  there  were  11  during  the  season. 

The  great  number  of  failures  in  this  region  is  duo  to  the  small  area  of  country  to 
the  north  and  west  of  it  under  observation.  For  a  great  part  of  this  region  it  would 
be  well  not  to  attempt  the  prediction  of  cold  waves. 

A  fall  of  20^  in  twenty-four  hours  for  the  region  of  Dakota  is  altogether  too  small 
to  bo  considered  a  cold  wave.    The  number  of  such  falls  in  winter  is  very  large.   . 

The  proposed  method  for  prediction  of  cold  waves  from  weather  maps,  described  in 
the  last  annual  report,  was  partially  ns^d  durifig  the  season's  work  of  forecasting 
The  most  nseful  part  was  found  to  be  the  method  of  finding  the  amount  of  tempera- 
ture fall  at  the  place  of  greatest  fall.    The  other  parts  of  the  method  could  not  be 
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iMd  omTenlentlyoiiaeeonDt  of  thB  dltBcnltiea  in  the  way  of  making  in eaanrementa 
of  the  maps. 

In  the  caaes  of  gi«at  cold  nr&VM  the  telefn-aph  linea  are  ofMo  down  and  the  iti- 
porta  get  in  lat«,  ao  that  the  wefttber  maps  aie  often  inoomplete  at  the  time  the  fore- 
coiIb  rnnat  be  iMued.  The  meaaaTeuents  of  mans,  boiT<>ver,  made  in  the  ipecial 
cases  of  culd  wavee  iu  deriviDg  the  method  weie  of  great  use  in  training  tiie  eye  to 
judge  withBome  approach  to  accuracy  regaTding  the  extent  of  "high"  or  "low  "and 
the  (leDSity  of  the  iaothermal  liner,  which  are  tne  factors  in  determining  the  extent 
niid  density  of  cold  waTes. 

The  inTeitigation  of  cold  waves  was  not  continued  dnrlog  the  year  and  oothing 
new  was  developed,  my  time  being  taken  up  in  work  iiertalaing  to  derivation  of 
practical  rules  for  the  prediction  of  river  stages,  in  addition  to  roatlne  work  of  the 
river  and  flood  division, 
Vtry  respecttblty, 

Gen.  A.  W.  GrXkly, 

Chi^  Signal  Offieer. 
WAB  91— TOL  IT— S 


APPENDIX  5. 

BFPOnT  OF  Pi:OFESSOR  IX  CHARGE  OF  THE  RIVER  AND  FLOOD  DIVI* 

SIOX. 

Washington  City,  June  3(>,  18U1. 

Slit:  I  have  tlio  bonor  to  make  tlio  following  report  on  the  work  of  the  river  and 
flood  (liviBiuu  of  the  Si«;nal  Office  for  the  year  ended  Juno  oO,  1?^91. 

The  $4,000  increase  in  the  appropriation  for  the  river  and  flood  division  the  paat 
year  permitted  of  ontablishiny:  n  hir^e  nnniber  of  new  river  stations.  The  new  sta- 
tions were  mainly  located  in  Alabama,  Georgia,  &onth  Carolina,  North  Carolina, 
VirginiH,  and  PeunHylvania. 

The  number  of  special  river  stations  of  the  United  States  Weather  Bureau  now  in 
operation  is  yne  hundred  and  nine.  Observations  of  rainfall  are  made.  River  stages 
are  ol>served  daily  in  most  cases  the  year  round,  in  some  cases  for  only  part  of  the 
year.  In  additioii  to  1  hose,  regular  meteorological  stations  to  the  number  of  twenty- 
seven  take  river  observation^. 

The  river  stages  to  feet  and  tenths  are  sent  mostly  by  telegraph  to  the  variouB 
parts  of  the  country  interested  in  the  information.  In  a  few  instances  the  reports 
are  sent  by  mail. 

The  stations  are  as  follows,  arraugo^l  according  to  the  various  sections  and  the 
centers  having  control ;  the  Weather  Bureau  observer  aC  section  center  is  in  charge 
of  all  tiin  river  stations  in  section : 

List  of  Special  River  Stations  Arrangkd  According  to  Sections. 


Center  of  section.  !    Name  of  station. 


Augusta  Ga , 

Bismarck,  N.  Dak. .. 
Brownsville,  Tex." 


Cairo,  111, 


Charleston,  S.  C. "  . 


ChAttADOOga,  Tenn 


Kagle  Pass,  Tex. 
Laredo,  Tex. 
Charleston,  Tenn. 
Clinton,  Tenn. 
Columbia,  Tenn. 
Decatur,  Aht. 
Evansville,  Ind. 
Johnsonville,  Tenn. 
Mount  Carmel,  111. 
Mount  ViTuon,  Ind. 
Pnducnh.  Ky. 
VinceniieH,  Ind. 
Terre  Haute.  Ind. 
Camden.  S.  ('. 
Cheruw,  rt.  C. 
Columbia,  S.  ('. 
Emngham.S.C. 
Mount  lIoUv,  N.C. 
Nichols,  8.  C. 
Tiller's  Terry,  S.  C. 
Wateree  on 


1 

!1 


ree,  S.  C. 


Coii;;a- 


Watereeon  Wateree, 

S.  C. 
Canton,  (ra. 
Kingston,  Tenn. 
Loudon,  Tenn. 
Uesaca,  Ga. 


Center  of  section. 


Chattanooga,Teun . 


Cincinnati,  Ohio 


l")a  veil  port,  Iowa 
Dubudue,  Iowa., 
ilarrisburg,  Pa  .. 


Kansas  (!ity,  Mo 


Keokuk,  Iowa 

Knoxville,Tenn  . 
La  CroRse,  Wis  . . 
Little  Hock,  Ark 

Louisville,  Ky 

Memphis,  Tenn... 


^No  observationg. 


Name  of  station. 


Rockwood,  Tenn. 
Rome,  Ga. 
Strawberry  Plains, 

Tenn. 
Catlettsburg,  Ky. 
Charleston,  W.  Va. 
Circleville,  Ohio. 
Falmouth,  Ky. 
Frankfort,  Ky. 
Ilinton,  W.Va. 
Louisa,  Ky. 
Marietta,  Ohio. 
Pt.  Pleasant,  W.  Va. 
Portsmouth,  Ohio. 
Wheeling,  W.Va. 
Zanesville,  Ohio. 


Huntingdon,  Pa. 
Lock  Haven,  Pa. 
Wilkes  Barre,  Pa. 
Manhattan,  Kans. 
Plattsmouth,  Nebr. 
St.  Joseph,  Mo. 


Dardanelle,  Ark. 
Uelena,  Ark« 
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List  of  Special  River  Stations  Arranged  According  to  Sections— Cont'd. 


Center  of  section. 

Name  of  station. 

1  Center  of  section. 

Name  of  station. 

Montgomery)  Ala. . . 

Cbildersburgf  Ala. 

Pittsburg,  Pa 

Warren,  Pa. 

Claiborne,  Ala. 

Weston.  W.  Va. 

Colnmbus,  Miss. 

West  Now  ton,  Pa. 

Cordova,  Ala. 

Portland,  Oregon . . 

Florence,  Alu. 

,  Raleigh, N.C.*.... 

Claiksville,  Va. 

Gadsden,  Ala. 

'                                         U           ' 

Danville,  Va. 

Sturdevant,  Ala. 

1 

Favetteville,  N.  C. 

Tallassee,  Ala. 

r 

Weldou.N.C. 

Taskaloosa,  Ala. 

:  Shreveport,  La 

Arthur  City,  Tex. 
CoushattA,  La. 

Warrior,  Ala. 

*            / 

Nashville,  Tenn 

Barkesville,  Ky. 

Fulton,  Ark. 

9 

Burnside,  Ky. 

Sioux  City,  Iowa.. 

Pierre,  S.  Dak. 

Carthage,  Tenn. 

St.  Louis,  Mo 

Alton,  111. 

New  Orleans,  La ... . 

AJexandria,  La. 

Arlington,  Mo. 
Beardstown,  111. 

Camden,  Ark. 

Delhi,  La. 

Boonville,  Mo. 

Girard,  La. 

Cape  Girardeau,Mo. 

Melville,  La. 

Chester,  111. 

Monroe,  La. 

Hermann,  Mo. 

Omalia,  Nebr 

Le  Claire,  Iowa. 

Parkersburg,  W.  Va. 

Louisiana,  Mo. 

Pittsburg,  Pa 

Brookville,  Pa. 

Peoria,  111. 

^^' 

Clarion,  Pa. 

Warsaw,  III. 

Confluence,  Pa. 

!  St.  Paul,  Minn  — 

Freepoit,  Pa. 

:  Vicksburg,  Miss . . . 

Arkansas  City,  Ark. 

Greensboro,  Pa. 

1 

Newport,  Ark. 

Johnstown,  Pa. 

Yazoo  City,  Miss. 

Lock  No.  4,  Pa. 

Washington,  D.  C. 

Harpers   Ferry,  W. 

Mahoning,  Pa. 

Va. 

Morgantown,  W.  V  a 
Oil  City,  Pa. 

Muscatine,  Iowa. 

Washington    and 

Parkers  Land'g,  Pa. 
Rowlesburg,  w.  Va. 
Saltsburg,  Fa. 

Virginia    Long 

Bridge. 

j 

*  No  observations. 

The  number  of  new  river  stations  established  during  the  year  was  thirty-eight ; 
two  stations,  Grand  Tower,  111.,  and  Eddyville,  Ky.,  were  discontinued  during  the 
year.  The  new  stations  are :  In  Mississippi,  Columbus ;  in  Alabama,  Claiborne,  Tus- 
kaloosa,  Cordova,  Warrior,  Childersburg,  Gadsden,  Sturdevant,  Tallassee,  and 
Florence;  in  Georgia,  Resaca,  Rome,  and  Canton;  in  Kentucky,  Burkesville;  in 
Texas,  Laredo,  Eagfe  Pass,  and  Arthur  City ;  in  Pennsylvania,  Huntingdon,  Lock 
Haven,  Wilkes  Barre,  and  West  Newton;  in  Illinois,  Alton  and  Chester^  in  Missouri, 
Cape  Girardeau;  in  Virginia,  Long  Bridge,  Danville,  Clarksville;  in  North  Caro- 
lina, Fayetteville  and  Weldon  ;  in  South  Carolina,  Camden,  Wateree  on  the  Wateree, 
Wateree  on  the  Congaree,  £ffingham,Tillers  Ferry,  Cheraw,  and  Nichols ;  in  South 
Dakota,  Pierre ;  in  North  Dakota,  Bismack. 

There  were  nine  special  rainfall  stations  established  during  the  year  and  one,  that 
at  Tracy,  Minn.,  discontinued. 

The  total  number  of  special  rainfall  stations  now  reporting  is  fifty. 


special  rainfall  stations. 

Shreveport  section, — Arkadelphia,  Ark. 

Cairo  section. — Lafayette,  Ind. ;  Logansport,  Ind. ;  Greensburg,  Ky. ;  Bowling 
Green,  Ky. 

Chattanooga  section. — Rogersville,  Tenn. ;  Murphy,  N.  C. ;  Asheville,  N.  C. ;  Charles- 
ton, N.  C. 

Cincinnati  section, — Kenton,  Ohio ;  Mansfield,  Ohio ;  W*ooHt«r,  Ohio ;  Canton,  Ohio ; 
Abingdon,  Va. ;  Caledouia,  Ohio ;  Christiansburg,  Va. ;  Whito  Sulphur  Springs,  W. 
Va. ;  Gleuville,  W.  Va. ;  Buckhannon,  W.  Va. 

Dnburiue  «fcftoii.— Portage,  Wis. 
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JFbrf.Vmi/Atet/iow.— Springer, N.Mex.;  Eufaula,  Ind.T.;  Tulsa,  Ind.T. 

Keokuk  tecfioH. — Cedar  Kapids,  Iowa. 

La  CVo««(;  «ec<ion.— Chippewa  Falls,  Wis.;  Phillips,  Wis. ;  Medford,Wi8. 

Kansan  City  section, — Ciil1>ert«0D,  Nebr. ;  Oberlin,  Kans. ;  Kirwin,  Kans. ;  Wallace, 
KanH. :  Saliiia,  Kans.  ' 

Lou i$r Hie  section. — Riishvillc,  In<i. ;  Jlumtingdou,  Iiid.;  Sidney,  Ohio. 

yanhviltf  section, — Williumsbiirf^,  Ky. 

^t,  Louia  nection. — Ottawa,  Ul. 

St,  Pa  It  I  section , — Fergus  Falls,  Miun.;  Fort  Ripley,  Minn.;  Ortonville,  Minn. ;  Al- 
exandria. Minn. ;  Redwood  Falls,  Minn. 

fVashirtgton  section'. — Wooilstock,  Va. ;  Gettysbnrg,  Pa. ;  Cnmberland,  Md. 

Montffoinery  section, — Lynn,  Ala. ;  Talladcjii^a,  Ala. 

Pittshura  »fc/ ion.— Now  Castle,  Pa. ;  Ridgway,  Pa. ,  Stoyestown,  Pa. :  Dnbois,  Pa. 

lialeiQk  acc/ion.— Oak  Ridge,  N.  (J.;  CliRpel  llill,  N.  C.;'  Lillington.  N.  C. 

AnderNon,  S.  C;  and  Elburton,  Ga.,  voluntary  stations,  report  excessive  rainfalls 
to  Angiist-a,  Ga.,  without  coni])en8ation. 

The  new  stations  established  during  the  year  are  Lynn  and  Talladega,  Ala.;  New- 
castle. Ridgway,  Stoyeston,  and  Dulwis,  Pa.;  Oak  Ridge,  Chapel  Hill,  and  Lilling- 
ton,  N.  C. 

Telegraphic  reporti  of  the  stacje  of  water  are  received  daily  at  the  Washington 
ofliee  from  the  following  placeH*.  Shreveport,  La.;  Fort  Smith  and  Little  Rock,  Ark.; 
Sionx  City,  Iowa;  Omaha,  Nebr.;  Kansas  City,  Mo.;  St.  Paul,  Minn.;  La  Crosse,  Wis.; 
Dubnc^ue,  Iowa:  Davenport,  Iowa;  Keokuk,' Iowa;  St.  Louis,  Mo.:  Cairo,  111.;  Mem- 
phis, Teon.;  Helena.  Ark.;  Vicksburg,  Mis3.;  New  Orleans,  La ;  Pittsburg,  Pa.; 
Parkersburg,  W.  Va.;  Cincinnati,  Ohio :  Louisville,  Ky.;  Chattanooga  and  Nash- 
ville, Teun.,  and  Augusta,  Ga. 


portj 

Ark.;  Arkansas  City,  Ark  ;  and  Greenville,  Miss. 

Definite  predictions  of  high  water  were  made,  which  were  fairly  well  verified  by 
the  stages  subsequently  occurring. 

The  nillowiug  were  the  principal  predictions  and  the  actual  stages : 

ic-6.  2  — At  Cincinnati  the  river  will  rise  to  45  feet  by  the  5th  (actual  stage,  47.6  foet 
on  5rh). 

yeb,\. — At  Evansville,  Ind.,  the  river  will  rise  to  38  feet  by  the  8th  (actual  stage, 
lis  5  on  the  rith,c rest, 39.1  on  10th):  at  Mount  Vernon,  Ind., river  will  rise  to 
41  l>ot  by  the  8th,  (actual  stage,  :^.2,  crest,  33.1  on  lOtli);  at  Cairo  the  river 
will  rise  to  :Jli  feet  by  February  11,  (actual  stage,  39.2). 

iVft.  18. — At  Wheeling  the  river  will  rise  to  47  feet  by  the  lytli  (actual,  44.C);  at 
Parkersburg  to  50  feet  by  the  20th  (actual^  44.3  on  20th,  crest,  44.6  on  21st. 

Feb.  20. — At  Cincinnati  the  river  will  rise  to  50  feet  by  the  24th  (a<rtual,  56.7)  ;  at 
Lonisville  to  26  foet  by  the 25th  (actual,  30. 1  on  25th  ;  crest,  32.2  on  the 27th); 
at  Evansville  to  41  by  February  28  (actual,  42.6 ;  crest  on  March  2,  42.8);  at 
Mount  Vernon,  Ind.,  to  43  foot  by  the  28th  (actual,  43.1 ;  crest,  44.1  on  March 
3).  The  large  error  in  Cincinnati  stage  was  due  to  the  reports  from  Charles- 
ton and  Louisa  being  late.  The  prediction  was  based  on  estimated  read- 
ings that  were  too  low. 

Feb,  21. — At  Cincinnati  the  river  will  rise  to  54  foet  by  the  24th  (actnal,  56.7). 

Feb,  23.— At  Vicksbnrg  the  river  will  ri.se  to  43.4  feet  by  March  2  (actual,  43.bf). 

Feb.  24. — At  Cairo  the  river  will  rise  to  47  feet  by  March  3  (actual,  46.1). 

The  following  special  river  bulletins  were  issued : 

SPECIAL  BULLETIN. 

Wasiiixgtox  City,  Febrmmj  25,  1891—11:30  a.  m. 

High  water  is  impending  in  the  Mississippi  Kivcr  below  Cairo.  The  highest  water. 
57.3  t«*et,  occnra  at  Cincinuati  to-day,  February  25,  there  haviog  been  a  rise  of  16 
ffM^t  in  the  past  six  days. 

The  Upper  Ohio,  the  Kanawha,  and  Big  Sandy  rivers  are  falliug.  The  Arkansas 
Kiver  is  stationary,  at. a  medium  stage. 

The  Tennessee  is  at  a  stage  of  29  feet  at  Chattanooga,  a  rise  of  13  feet  in  four  days. 
The  Cumberland  ut  Nashville  is  24.4  feet,  a  rise  of  3  feet  in  three  days.  At  St.  Louis 
there  has  been  a  rise  of  5  feet  in  one  day.  At  Cairo  the  stage  of  water  is  44.3  feet 
and  rising.  By  March  3,  a  stage  of  47.5  feet  may  be  expected  at  Cairo  (actual 
•tage,  46.1 ;  cresty  46.2). 

A  compariaou  with  the  high  stages  of  previous  years  shows  that  the  following 
may  be  expected  at  placet  aloug  the  lower  river :  Memphis,  34  feet  by  MarcE 
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0  (actual,  34) ;  Greeuvillc,  40  feet  (aotual,  40.2) ;  Ilolona,  43  feet  by  March  7  (actual, 
42.9) ;  Arkansas  City,  45  feet  bv  Marcli  a  (actual,  45.4) ;  Vloksburg,  4G  feet  by  the 
10th  (actual,  46.1) ;  Batou  Rouf;o,  M  feet  by  the  L:2th. 

A  cold  wave  is  sweeping^  over  the  country  from  the  West,  and  it  is  uot  likely  that 
raiu  to  any  cdnsiderablo  amount  will  fall  iu  the  Ohio  valley  iu  the  next  few  days. 

SPECIAL  IIIVER  BULLBTIX. 

Washington  City,  April  H,  1891—4  p.  m. 

The  lato  general  rains  will,  it  is  probable,  have  but  little  effect  in  the  Lower  Mis- 
sissippi River.  It  is  estimated  that  the  river  at  Cairo  will  rise  about  a  foot  and  a  half 
in  the  next  week,  carrying  the  stage  of  water  there  to  about  45  feet.  This  can  scarcely 
uiaintaiu  the  present  High  stage  of  water  in  the  lower  river  (48  feet  at  Vicksburg),  ^ 
and  it  is  likely  that  the  further  rise  there,  if  any,  will  uot  be  more  than  a  few  tenths 
of  a  foot. 

At  Cairo  the  stage  reached 
was  very  little  or  no  subsequent 
4S.1  feet.    The  high  stage  of  4S  1 

There  was  general  satisfaction  with  the  river  predictions  the  past  year.    The  fol- 
lowing is  an  extract  of  a  letter  from  the  owner  of  the  Kvan^ville.  Ind.,  Journal : 


3d  April  9  was  44.3  feet;  it  was 44.8  on  the  0th.  There 
lent  rise  at  Yicksburg,  the  highest  stay o,  April  3,  being 
f  48  feet  continued  at  Vicksburg  until  April  lli. 


Feuruary  21,  18^1. 

I  want  to  thank  you  for  your  prompt  telegrams  aud  more  especially  for  bulletins  m 
time  of  danger. 

Our  people  are  placing  more  coiitidenco  in  the  Signal  Service,  both  as  to  weather 
and  river  reports.  Most  of  the  stock  and  property  along  the  banks  has  been  re- 
moved and  tuere  is  no  excuse  for  owners  who  lose  anything,  for  the  warnings  of  the 
department  have  given  them  plenty  of  time. 

Jno.  H.  McXekly. 

During  the  high  water  along  the  Lower  Mississippi  River  special  reports  wore  for 
a  time  f urn ishea  from  a  number  of  places  to  the  engineers  in  charge  of  the  levees 
and  to  various  interested  communities  in  the  threatened  district. 

There  was  very  little  damage  done  by  the  high  water  in  the  Lower  Mississippi  Val- 
ley. Very  few  breaks  in  the  levees  occurred.  A  crevasse  50  feet  wide  occurred  In 
Concord  levee,  East  Carroll  Parish,  La.,  March  21 ;  the  Ames  crevasse  opposite  New 
Orleans  was  400  feet  wide.  A  break  in  levee  J200  feet  wide  occurred  at  Loogwood, 
30  miles  south  of  Greenville,  Miss.,  April  4. 

During  the  year  there  was  prepared  iu  the  river  and  Hood  division  by  millio- 
graphic  process  the  *'  Stagesof  the  Mississippi  River  and  of  its  principal  tributaries, 
except  llie  Ohio  Kiver,  1800  to  1889,  inclusive,  Part  ii,"  cout-aining  523  pages,  and 
also  **  Stages  of  water  at  misecllaneuns  liver  stations  in  California,  Oregon,  North 
Carolina,  etc.,  1875  to  1889,  inclusive,  Part  iii,"  containing  143  pages. 

Fortj'-four  copies  of  each  were  produced.  The  copies  have  been  distributed  to  a 
number  of  Signal  Service  stations,  to  a  few  imx)ortiint  public  libraries  in  the  region 
of  the  stations,  and  to  various  engineer  offices,  to  the  Mississippi  Kiver  Commission, 
and  to  the  Missouri  River  Commission. 

The  volumes  of  river  stages,  Parts  i,  ii,  and  iir.  contain  all  the  river  stages  ob- 
served by  the  Signal  Service  up  to  .January  1,  HtK),  I'xcept  at  places  for  which  the 
sta;;es  have  already  been  printt^l  by  the  Mississippi  River  (^ommiHsion. 

The  very  considerable  work  of  arranging,  copying,  typewriting,  and  inilliograph- 
ing  the  river  stages  and  searching  thu  records  for  notes  of  boiii^h-niarks,  lu-ights, 
changes  of  gaug»*  zeros,  etc..  was  all  done  in  the  river  ami  Woml  division  l»y  Miss 
Carrie  M.  Cooke,  Mr.  W.  1).  Porter,  and  Mr.  Goorjxe  (-.  King. 

Progress  was  made  during  th».»  year  in  deriving  from  tliu  bat.k  records  of  river  stages 
practical  rules  for  the  i)rfdir:tion  of  ilood  stai;<'M  at  various  plarcs  from  thf  Htagus 
observed  at  ]>ointH  on  the  river  above  them.  Tiit<  riih's  with  tlu^  principal  stages  and 
changes  on  which  tliev  are  based  an>  giv;Mi  in  iho  papiT  liciewitli  submitted. 

Tile  rules  arr  empirically  dcrivtMl  according  to  graphical  })roe«'sse.s,  the  stages  and 
rises  at  a  j>laeo  during  the  occurrence  otl'nishcts  being  compared  with  the  stages  and 
rises  jiiNt  j»recediiig  at  ])cMnts  farther  up  the  river.  A  principle  n^ivd  wa.i  that  a  rise 
of  a  certain  number  of  feet  at  an  upper  station  ha-*  greater  power  to  i»rod:ice  a  rise 
at  points  lower  down  tln^  htrcam — the  greater  the  stage  at  the  upiMM*  |n»jnl:  and  tiiat 
the  higher  the  water  stages  at  lower  ]ioints  the  h:ss  eiUeient  will  the  ri.MS  at  Xhv 
upper  stations  be  in  piodnciiig  rises  at  points  h)wer  down.  The  luea-iure  of  eriic.itMioy 
arbitrarily  adopted  was  to  consider  it  pntportioiial  to  ilie  rise  multiplied  by  the  aver- 
age stage  at.  the  places  during  the  ri.st-..  Nodouljt  it  would  be  more  accurate,  and  the 
rules  for  lu-edicting  rises  could  be  snuiewhat  improved  by  considering  the  elliciency 
proxiortioual  to  the  rise  multiplied  by  the  mean  stage  plus  a  constant  for  each  place. 
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The  zcras  of  tho  W«»atlior  Hnrcaii  river  j;.in;;o8  aro  all  very  nearly  at  tbo  level  of  low 
w.it«T  for  the  piacits,  usunlly  within  a  foot  or  let*^. 

The  relative  t'tK-ris  of  riscH  in  various  tributaries  in  prodnrin;;  a  riso  at  a  point 
loircr  down  were  ascertained  by  tryin;;  lirnti  out*  scries  of  t'oetlicientfl  and  then  another 
until  one  wasi  found  to  satinfy  tolerably  woll  all  the  observations  of  rises  during  tho 
time  for  which  thero  are  records  of  Hta;^es.  The  relative  elVeo.ts  of  diHurent  rivers,  it 
ini;;ht  be  suppo.<wMi,  would  be  nearly  proportional  t-o  their  draina^^e  areas.  This,  how- 
rver,  waM  not  found  to  1>e  very  closidy  the  case.  The  avera«i;e  sitr|)rs  of  the  j^round 
in  drainaj;e  baxins  and  the  permeability  of  soil  deterniiue  largely  the  relative  etlect 
of  rivers  in  producing;  llootls. 

In  i>api*r  subuiiltnthon^with,  jirrparnd  during;  the  ynir,  i'^i^iven  a  list  of  the  placeB, 
datrs,  andanionutfl  of  rainfall  in  'J4  hours  greater  than  4  inches.  Those,  about  1,040 
in  number,  chroutdogicAlIy  arranged  havo  b«:eu  taken  principally  fnuii  the  Monthly 
Weather  Kevifw. 

An  increase  in  tho  number  of  river  stations  being  authorized  by  the  increased  ap- 
propriation for  the  river  and  flood  ilivision  the  pasr.  year,  in  order  to  ascertain  the 
regions  i»f  the  country  best  entitlcil  to  river  gauges,  the  rrgioiis  most  subject  t-o  over- 
dow  being  consideriMi  tr»  be  such,  a  catalogue  was  made  of  all  the  Hoods  noted  in  tho 
issnes  of  the  Monthly  Weather  Keview  since  the  commt'nceiiicnt  of  the  Signal  Serv- 
ice.    The  paper  is  on  tile  in  nianuHcript  in  thu  river  and  Uood  division. 

Extracts  given  in  paper  submitted  herewith  wen*  niadr  of  all  the  principal  resnlts 
of  measnrenien tri  of  river  discharges  given  in  tho  annual  reports  of  the  Chief  of 
Engineers,  IJ.  S.  Anny,  and  also  other  information  of  value  from  the  reports  and 
other  sources  relating  to  rivers.  This  will  be  of  service  in  the  work  of  predicting 
river  stages. 

RaiafaTl  oliservations  at  present  are  of  very  little  value  in  rivtT-stago  predictions. 
An  investigation  has  been  begun  to  «leterniine  just  exactly  what  use  can  be  made  of 
theui.  Only  slight  progress  has  as  yet  been  maile  on  the  woik.  A  chart  of  the  Mis- 
sissippi Valley  above  Cairo,  and  another  of  the  valley  b>.>tw<>en  Cairo  and  Vicksbnrg, 
were  prepared,  on  a  scale  of  ^nj.'.rrr,.-,,  showing  lines  of  e^iual  water  travel  by  river  to 
Cairo  and  Vicksburg  by  .ill  the  largo  water-courses  in  basins.  The  lini'S  are  one  day 
apart.  One  of  the  maps  extends  about  fourteen  days  from  Cairo  on  the  east  and 
eleven  dajs  on  the  west.  This  comprises  all  the  Ohio  Valley,  the  Missouri  Valley  to 
Ouiaha,and  the  Upper  Mississip]»i  to  St.  Paul.  In  establishing  the  lines  of  equal  travel 
a  velocity  of  water  was  adopted  equal  to  the  velocity  of  the  Ohio  Kiver  at  Padncah, 
Ky.,  at  (in  average  stage  of  the  river.  Some  fraction  of  the  rain  that  falls  in  the 
areas  of  country  between  successive  travel  lines  reaches  Cairo  at  approximately  the 
same  time.  The  rain  in  successive  an*as  reaches  ('aire  approximately  on  successive 
days. 

The  areas  between  successive  day  travel  lines  on  thi?  map  are  dividotl  into  minor 
areas  according  to  drainage  basins  and  other  features  of  the  ]]iai>.  These  areas,  about 
IM  in  number,  have  been  nie.isurt'd  with  a  iilaniiucter.  They  vary  from  a  few  hun- 
dred square  miles  in  area  in  some  cnses  to  'i.H.:o  in  others. 

The  map  contains  the  names  of  all  tho  Weathi*r  liureau  meteorologicnl  stations,  all 
the  Bi>ecial  river  and  rainfall  stations,  and  a  seh'c.tiMl  number  of  voluntary  rainfall 
stations  as  nearly  as  possibh.-!  equally  iliHtribute-.l  »»vfr  the  country,  taking  only  such 
as  are  now  in  operation  :iud  havr  a  record  extt'iidiui;  over  at  Ittast  two  years.  There 
are  in  all  aliout  4riU  stations  on  the  m.ip  in  the  dr:iiiia.;«>  areas  und«*r  considiTatioii. 

It  is  firopost'd  to  plot  every  daily  :-a::if:iIl  o\\  maps  of  this  kind,  a  map  btMiig  taken 
for  each  day  beginning  with  lJ?si,  tho  ytar  of  ^rraf  iI-mmI  in  the  Lower  Mississippi 
Vftlley. 

The  rainfalls  of  all  the  special  river  and  rainfall  stations  from  the  opening  of  the 
stations  up  to  January,  l"^.)!,  have  lu'cn  tabulated,  i  pa;^o  to  a  year,  on  form  No.  174, 
and  comprise  l.oH  ]»ages.  TIk^  rainfall  t,i'  voluntary  stations  has  not  y<'t  been  ar- 
ranged and  only  very  littlH  cd"  the  rainfall  at  any  <>f  i  iie  places  has  as  yet  been  plotted 
on  the  maps. 

By  the  plan  of  investigati.in  adcqited  it.  is  expifhMl  to  aseiTtain  the  ndations  be- 
tween the  quantity  of  rainfall,  its  distribiirii»ii  in  tinu>  and  space,  and  thesnbse- 
qaently  occurring  stages  of  water  at  Cinrinnati,  (.'aim.  Si.  Loui>,  and  Vicksburg. 
These  relations  will  bo  of  ii"»i»  in  i'imiieeti«)n  witlj  \\v  river-stages  in  esmuating  high 
stages  of  water  in  the  future  in  the  ea^e  of  fX«rssiveor  widily  extend.Ml  rainfalls  and 
show  just  to  what-e\t(;nt  rainl'alis  can  b:'  made  usi'I'mI  in  lb»od  predicijons. 

The  prediction  of  river  sta;;i's  al  a  ]»l.n.'e  fioui  the  observed  j;aiii4e  readings  at 
places  farther  np  the  river  can  imt  In*  inadi*  wjih  any  very  ^reat  aeciiracy  on  account 
uf  the  water  entering  the  river  between  tin*  gam;*'  -tari«»ns.  The  jirobable  error  of  a 
iiredicteil  stage  at  Cairo  according  to  the  lule  fer  pn-.iirtinL;  now  in  use  is  about  ±1.'J 
feet.  The  largest  error  ever  likely  to  oieisr  may  !»•  taki-ii  an  about  :\  fej  t.  Above 
Cairo  there  is  .in  area  of  lOr^.tNi;)  square  niilc'^.  ilie  drainage  water  from  which  imsses 
Cairo  but  does  not  pass  St. Louis,  i'inei!iiiati,  (  iiatrannoLra,  or  N'aNhville.  On  the 
gauge  readings  at  those  places  the  pri'djition  fi>r  Cairn  deprinU. 

The  rale  derived  for  finding  tho  Cairo  nin^o  I'mm  the  si  ages  prci:L'iVm"  \\.aX  \,\ift 
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places  above  it  represents  what  occurs  in  the  average  of  cases.  When  the  main 
part  of  rainfall  producing;  a  rise  at  Cairo  is  in  the  drainage  urea  above  Cincinnati, 
the  rule  for  tinding  the  Cairo  st-ase  will  give  the  computed  stage  too  high ;  when 
the  greater  part  of  rainfall  is  below  Cincinnati,  the  computed  Cairo  stage  will  be 
too  low.  By  means  of  the  investigation  indicated  it  is  expected  that  it  will  be  pos- 
sible to  introduce  a  correction  to  a  computed  stage  depending  on  the  location,  the  ex- 
tent, and  depth  of  the  rainfall  areas  concerned  in  producing  the  rise. 

The  plan  for  further  improvement  of  river-stage  predictions  also  contemplates  the 
gauging  of  rivers,  that  is,  the  determination  of  the  quantity  of  water  in  cubic  feet 
i>er  second  passing  a  x)lace  for  various  stages  of  the  river  from  the  highest  to  the 
lowest. 

In  the  act  of  Congress  creating  the  Weather  Bureau  '^  the  gauging  and  reporting 
of  rivers  "  is  expressly  authorized.  The  estimate  for  the  river  and  uood  division  of 
the  Weather  Bureau  in  the  appropriation  for  this  year  was  $17,000.  Of  this  sum 
$4,000  was  intended  to  be  applied  to  the  expenses  of  making  discharge  measurements 
of  rivers.  It  is  recommended  that  this  sum,  or  such  iiart  as  it  mav  be  deemed  ad- 
visable to  apply  to  river  gauging,  be  used  entirely  in  measuring  the  discharges  of 
the  important  tributaries  of  the  Ohio  River,  the  Wabash,  Green,  Kentucky,  Big 
Sandy,  and  tlie  upper  Ohio  at  Cinciunati,  Parkersburg,  and  Pittsburg.  The  discharge 
of  the  Kanawha  Kiver  at  Charleston,  W.  Va..  is  now  known  for  a  large  range  of 
water  stages,  and  also  that  of  the  whole  Ohio  Kiver  at  Paducah,  Ky. 

It  is  considi-red  that  it  will  be  sufficient  for  dood-prediction  purposes  to  obtain 
discharge  measurements  of  these  rivers  for  stages  about  10  feet  apart  in  elevation. 
About  four  days'  work  of  a  gaugiug  party  will  be  required  at  each  stage  from  low 
to  high  water.  The  measurements  will  necessarily  extend  over  several  years.  The 
work  will  re(|uire  to  be  done  as  the  stages  occur.  It  will  take  about  twenty  days 
work  of  a  gauging  party  for  each  station  exclusive  of  the  work  of  computation  of 
results. 

The  advantage  to  be  derived  from  discharge  measurements  is  that  practical  rules 
for  flood-Htagc  predictions  and  butter  ones  can  be  established  with  a  shorter  record  or 
river  stages  at  a  place  than  is  now  the  case,  where  the  rules  are  derived  with  refer- 
ence to  stages  and  changes  ouly  and  without  any  reference  to  the  quantity  of  water 
passing  a  place.  The  quantity  varies  very  greatly  in  different  rivers  for  like  river 
stages.  It  requires  a  long  series  of  years'  observations  of  water  stages  with  rises 
sometimes  in  one  tributary  and  sometimes  in  another,  or  in  two  or  more  of  them  at 
the  same  time,  in  order  to  disentangle  the  effect  of  the  various  rises,  and  estimate 
the  flood-pn)dncing  effects  of  each  Ktream  separately. 

The  plau  of  river  gaugiug  proposed  is  to  have  the  work  done  by  local  engineers, 
paying  a  stated  sum  per  day  depending  on  the  number  of  men  employed  and  t-he  kind 
of  boat  used  in  the  work,  and  depending  on  the  extent  and  nature  of  the  stream  to 
be  gauged.  The  difficulty  of  measuring  a  cross  section  and  determining  the  water 
velocity  will  be  very  dilViTiMit  in  different  rivers.  Where  a  river  is  not  navigated  the 
metho<l  of  stretchiug  a  cable  across  the  stream  and  lowering  the  meter  gauge  into  the 
water  at  poiuts  10  to  20  feet  apart  along  the  lino  will  probably  be  the  best  and  most 
economical  way  of  working.  Wheru  there  is  a  bridge  across  a  river,  sufficiently  good 
results  for  velocity  of  water  can  probably  be  obtained  by  lowering  the  meter  gauge 
from  the  bridge. 

Anchors,  cables,  and  in  some  instances  steam  launches  will  be  required  to  prose- 
cute the  work  of  river  ganging  successfnlly. 

The  meter  gauges  should  be  furnished  from  this  office  and  should  all  be  of  one  pat- 
tern, the  i)ro pel ler- wheel  variety  with  electric  break  circuit  and  self-register.  The 
standardizing  of  the  meter  gauges  by  dragging  at  various  velocities  through  the  quiet 
water  of  a  pond  or  reservoir  should  be  done  at  Washington  City. 

On  some  streams  or  at  some  ])oints  sufficiently  good  measurements  can  possibly  be 
obtained  by  establishing  two  staff  gauges  several  miles  apart  on  a  Htraight  stretch  of 
river  and  leveling  between  them.  Simultaneous  readings  of  the  gauges  will  give  the 
surface  slope  of  river  from  which  in  connection  with  the  area  of  cross  section  the  ve- 
locity can  be  derived.    The  velocity  and  the  area  of  a  cross  section  give  the  discharge. 

It  will  be  necessary  to  have  the  various  locations  where  it  is  proposed  to  make 
measurements  visited  by  a  person  to  decide  on  the  best  method  of  doing  the  work 
and  to  select  competent  engineers  who  will  be  in  readiness  when  the  stages  occur  at 
which  measurements  are  desired. 

More  than  the  usual  amount  of  routine  work  was  done  in  the  river  and  flood  di- 
vision during  the  past  year.  This  consisted  in  the  answering  of  letters  of  inquiry  in 
regard  to  river  stages,  iioods,  etc.,  letters  of  instructions  to  observers  in  regara  to 
observations,  the  opening  of  new  stations,  the  sending  of  reports,  etc.,  the  examina- 
tion of  monthly  forms  of  river  and  rainfall,  the  plans  and  correspondence  relating  to 
the  opening  of  new  stations  and  the  building  of  river  gauges. 
Very  respectfally, 

T.  Russell, 
Gen.  A.  W.  Greely,  FrofesBor  in  charge  of  Biver  and  Flood  DiviHon, 

CMi^ Signal  Qffictr. 
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PRACTICAL  RULES  FOR  PREDICTION  OF  FLOOD  STAGES  OF  RIVERS  IN 

THE  UNITED  STATES. 

By  T.  Russell,  ProfeiaoVf  U,  S.  Weather  Bureau. 

To  the  rivor  and  HoimI  division  of  ihc  Weather  Burcan  is  assigned  the  very  impor- 
tant, duty  of  predicting  the  rises  to  flood  stages  in  rivers  over  the  whole  United 
States.  The  predictions  are  made  on  the  basis  of  observations  of  rainfall  and  river 
stacres  at  Wcathi^r  Unrcau  stations  thronghont  the  country. 

No  definite  and  detailed  instructions  as  to  what  methods  or  rules  are  to  bo  followed 
in  making  the  predictions  have  ever  bi'cn  furnished  to  the  person  in  charge  ot  the 
work.  A  ncc<*ssary  ]»relin)inary,  therefore,  to  tlie  making  of  predictions  of  any  value 
is  to  devise  trustwurthy  ruh'S  for  the  purpose. 

Daily  observations  of  river  stages  have  1>een  made  at  a  large  number  of  places  for 
a  great  many  years.  No  attempts,  however,  that  the  writer  is  aware  of,  have  over 
be«7u  made  to  utilize  the  records  in  determining  rules  for  river  predictions.  This  was 
un<lertakon  by  the  writ-er  on  being  put  in  charge  of  the  river  and  Hood  division  of 
tht*  .Signal  Oihce  by  Gen.  A.  W.  Greely  in  May,  1881).  The  rules  for  prediction  of 
river  stages  given  here  are  the  results  of  the  work  as  far  as  it  has  been  carried. 

From  the  low  velocity  with  which  water  travels,  rolling  down  the  sloping  bed  of 
a  stroam  at  the  rate  of  2  to  4  miles  an  hour,  as  a  ball  rolls  down  an  inclined  plane,  it 
is  manitV'st  that  some  idea  can  be  formed  of  the  height  the  water  will  attain  at  a 
plare  if  the  height  for  a  point  upstream  from  the  ])lace  is  known.  At  Cincinnati,  for 
instance,  the  stage  of  river  is  nearly  the  result  of  the  stage  three  days  before  at 
Tarkersburg,  W.  Va. 

A  high  stage  of  water  such  as  50  feet  at  Parkersburg,  however,  is  not  always  fol- 
lowed by  a  perfectly  detinite  high  stage  at  Cincinnati  three  days  later,  because  of 
the  variable  (inantity  of  water  coming  into  the  river  between  the  two  ])laces  at  dif- 
tVrent  times,  aud  because  of  the  rainfall  that  may  occur  in  the  immediate  vicinity  of 
Cinriiinati  in  the  intervening  three  dajs. 

By  taking  the  average  of  the  stages  about  the  50-foot  stage  occurring  at  Parkers- 
burg and  the  average  of  the  subsequent  corresponding  stages  at  Cincinnati,  some 
idea  can  be  formed  of  what  the  stage  at  Cincinnati  will  be,  within  certain  limits, 
whenever  a  .'lU-foot  stage  or  thereabout  occurrs  at  Parkersburg.  This  is  roughly  the 
method  by  which  the  tables  of  corresponding  wave-crest  water  heights  given  here 
have  been  obtained  fur  various  places. 

On  a  sheet  of  rross-s»^ction  paper  the  average  stages  about  a  certain  stage  wero 
plotted  as  abscissas.  The  later  corresponding  average  stages  at  a  place  farther  down. 
htieam  were  plotted  as  ordinates.  The  stages  were  usually  grouped  according  to  the 
stage  at  the  upper  place,  the  means  being  taken  for  all  between  15  to  20  feet,  *20  to 
'jr»,  *J5  to  :$0,  etc.  Through  the  points  obtained  by  the  interstHitions  of  the  abscissas 
and  ordinates  a  curve  was  drawn.  From  this  curve,  for  stages  I  foot  apart  at  tht 
upper  station,  the  stages  for  the  lower  station  were  taken,  which  are  given  in  the 
tables.  From  a  comparison  of  the  actual  stages  with  the.  stages  given  by  the  table, 
a  series  of  residuals  was  derived  for  each  group  of  stages. 

From  the  residuals  the  proi>able  orror  given  for  some  stages  the  number  with  sign 
~\-  pins  or  minus  was  obtaine<i  by  taking  it  as  O.Ki  of  the  average  of  the  residuals, 
ivganlless  of  the  sign  of  residual. 

ConHi<lering  a  residual  as  the  error  in  a  computed  or  predicted  river  stage  for  a 
place,  the  signiiioance  of  the  probable  error  is,  that  if  the  residuals,  in  a  case  where 
they  are  numerous,  are  all  arranged  in  the  order  of  their  magnitude,  the  middle  one 
is  the  probable  enor.  In  one-half  of  the  cases  the  actual  error  will  be  greater  than 
tb«^  probable  error  and  in  the  other  half  less.  The  greatest  error  in  a  series  of 
twenty  pre<lictionsof  stages  is  usually  about  three  times  the  probable  error. 

For  a  river  formeil  by  numerous  large  tribuaries  the  metho<l  of  devising  rules  tor 
rivei-stag<j  i>redictiou  best  adapteil  to  the  purpose  was  found  to  be  by  comparison  of 
the  ri-es  at  a  place  with  the  preceding  rises  iu  the  tributaries.  Loug'rerords  are  nec- 
essary in  a  case  of  this  kind  with  rises  sometimes  in  one  tributary  and  s(»mctinies  in 
another,  aud  with  rises  at  times  in  two  or  more  of  the  tributaries  iu  order  to  disen- 
tangle the  etlects  of  the  various  tributaries  in  ])roduciiig  a  rise  in  the  main  stream. 

Stages  i)redicte<l  by  the  rules  here  given  are  only  approxiniatituisto  the  stages  that 
may  be  reasonably  ex])ected.  Simplicity  and  easiness  of  application  in  any  particular 
rase  have  been  considered  in  preparing  the  rulei^,  as  far  as  the  complexity  of  the  sub- 
ject would  allow. 

The  rules  given  here  were  used  in  predicting  the  high  stages  of  the  Ohio  and  Miss- 
issippi rivers  in  the  years  1890  and  1891,  and  in  most  instances  were  found  to  give 
tolerably  satisfactory  results.  They  are,  however,  merely  a  first  approximation. 
Improvements  can  be  made  as  the  records  accumulate,  aiid  even  with  lUo  xocoi^^ 
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DOvf  Available  by  introdiicin*;  Hoine  sHi^ht  variatioDs  in  the  method  of  deriving  theift 

Pre«licti(»iiM  of  river  staj^es  or  tloods  are  never  maile  on  ])roapectivo  rainfall. 

Xo  predict'ums  of  llnoiK  are  ever  in  ado  for  Btreauis  wiiliout  river  guu;;^^.  A  rivei 
rarely  lises  from  low  watir  to  Hood  8tu;;e  from  a  sin;;le  rainstonn.  Floo<ls  usnally 
resnlt  from  a  <;reut  or  even  a  moderate  ruinfnll  wlieu  a  river  is  already  high. 

The  diHtrihution  of  rainfall  over  a  drainage  area  in  time  and  space  ia  sometimes  the 
determiuin<;  cauNe  of  a  high  Ktage  of  water  at  a  place  lower  down  when  there  is  an 
opportnne  coincidence  of  wave  crests  from  tribntaries. 

AngUNta,  Ga.,  x>n  the  Savannah  Kiver  is  the  only  place  for  which  as  yet  a  definite 
rnle  is  venturiMl  for  the  predicti<m  of  river  Htagcs  from  rainfall  observations  alone. 

A  very  groat  improvement  in  the  rnle  for  predicting  stages  at  Pittsbnrg  and  St. 
LoniH  it  14  expected  can  he  made  from  an  analysis  of  the  rainfall  observations  in  the 
immediate  drainage  areas  of  the  places. 

The  stnge  of  a  river  is  the  vertical  height  of  its  surface  in  feet  and  tenths  of  a  foot 
above  low  water.  This  is  observed  by  means  of  a  hoanl  graduated  to  feet  and  tenths 
fastened  to  a  bridge  pier,  or  laid  along  the  river  bank.  Tno  observation  is  made  b^' 
noting  the  point  on  board  to  which  t  he  water  surface  reaches.  The  zero  of  a  river 
gauge  is  pnt  somewhere  near  the  level  of  the  lowest  water  that  is  apt  to  occnr.  A 
gauge,  however,  once  set  in  plaet*  and  a  record  of  the  stages  for  some  time  being  kept 
It  is  not  customary  to  change  th»»  levfl  of  the  zero  even  if  the  stage  of  water  does  gc 
below  the  zero.  A  stnge  below  the  zero  of  a  gauge  is  given  with  a  minns  sign. 
AVhcu  a  gaupe  is  first  set  up  it  is  desirable  1(»  put  the  zero  so  low  that  no  low  water 
will  ever  go  below  it,  thus  avoiding  the  occurrence  of  minuA  stages  which  are  incon- 
venient in  use  and  apt  to  lead  to  errors. 

When  a  gauge  is  renewed  or  repaired  care  is  taken  to  get  the  zero  back  to  the  same 
level  at  which  it  was  first.  For  this  purpose,  and  to  ascertain  from  time  to  time 
whether  the  zero  of  a  gauge  or  any  of  its  marks  are  settling  or  changing  in  level,  a 
bench  mark  is  established.  A  beuch  mark  is  some  presumably  constant  surface,  the 
top  of  some  large  stone  in  a  bridge  pier  or  some  pnblic  bnildini;,  such  as  a  custom- 
house, post-otlice,  or  city  hail.  A  copper  bolt  imbedded  in  the  wall  of  a  stone  bnilding 
is  common  device  for  a  beuch  mark.  The  difference  in  level  of  the  bench  mark  and 
the  zero  or  some  other  mark  on  the  gauge  is  ascertained  by  means  of  a  leveling  in- 
itrnment. 

The  danger  lino  or  llood  line  for  a  place  is  some  arbitrarily  as.su mcd  stage,  a  rise  above 
the  plane  of  which  will  presumably  be  attended  with  material  damage  to  property 
unless  tK*  precaution  is  taken  to  move  goods. 

The  velocity  of  water  in  rivers  varies  fivmii  to  4  miles  an  hour,  depending  on  the 
stage,  being  swifter  the  higher  the  water.  Water  entering  rivers  afirr  rain  requires 
considerable  time  to  reach  ]>lace'i  along  the  lower  courses  of  the  rivers.  From  tho 
observed  stages  at  upper  points  some  approximate  idea  can  bo  formed  of  the  highest 
stages  that  will  subst-quently  occur  at  the  1ow«t  jjoints  and  the  time  of  occurrence. 

The  time  of  the  crest  wave  in  a  freshet  from  I'ittsburg  to  Wheelinjj  is  one  <lay, 
from  IMttsburg  to  Parkers!»iirg  two  days,  from  Parkersburg  to  Cincinnati  three  days, 
from  Cincinnati  to  Cairo  six  days,  frf>in  Cairo  to  Vicksburg  seven  days,  and  from 
Vickslmrg  to  New  Orleans  four  days.  The  progressive  character  of  flood  waves  per- 
mit of  warning  ])Iaces  of  a  ctmiing  high  stage  of  watiu*. 

The  rate  of  progress  of  a  flood  wave  does  not  differ  materially  from  the  avera»;e 
velocity  of  the  watrr  throughout  a  cross  section  of  the  river..  The  fact  that  the 
river  bed  has  to  be  tilled  by  a  ris«'  of  river  exercises  a  slightly  retarding  intiiienco  on 
the  time  of  a  llood  w.ive. 

The  stages  of  water  at  many  of  the  ]daeos  with  river  gauges  are  telegraphed  daily 
to  Washington  City  and  are  the  basis  for  making  river-stage  predictions  for  points 
along  the  lower  courses  of  various  rivers. 

'J'he  observed  depths  of  rainfall  at  plae<»s  reporting  daily  by  telegraph  to  Wash- 
ington City  are  used  to  ?iome  extent  in  ostimatiug  comiii:^  stages  of  wa^er.     These, 
however,  are  of  very  little  importance  fur  ])redietion  luirposes  as  eompared  with  ob 
servalions  of  river  stages  whtrre  there  are  tw»>  gauges  on  a  river  ar  a  considerable 
distanre  apart,  '»U  to  100  miles  or  S(>. 

Very  litth'  has  been  as  yet  developed  regarding  the  relation  bet \ve.Mi  rainl^-ill  over 
various  drainage  areas  and  subsequent  river  stages,  but  it  is  believed  that-  something 
of  importance  v-aii  be  cU;rived. 

The  nearer  t«>g(!ther  tw»»  gauge'*  are  on  a  river  the  more  aecurate  as  :i  rule  predic- 
tions of  th.e  stages  of  water  can  be  made  from  the  <»b>erved  statics  at  the  Jip[»er  one. 
The  elo.ser  together,  howtiver,  tlie  gauges  are.  the  nnue  unickly  the  sta«;es  su(:ce«»d 
anil  tlm  less  the  value  of  any  pretlictions.  To  make  the  predicted  stajLies  ami  warn- 
i;i;»s  of  iloods  of  value  to  tlie  j»ublic  by  giving  as  timely  noticf^  as  possible  Si>uie 
saerilict^  has  to  be  made  in  the  accuracy  of  thi'  pre<li»'lion,  and  therefore  gauges  ar© 
chosen  for  prediction  ])urposes  s(une  e»)nsiderahle  <li>tanc'e  a]>art. 

The  length  of  time  river-sta;4«;  reccird**  have  been  k«'pt  is  very  various  a-t  diti'ereiit 
ploOMi  ■ome  places  have  a  record  for  thirty  years  or  more,  while  others  have  not 
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had  gangCB  for  moro  than  a  year.  A  roc(»nl  of  jj^vcn;!  y»?ars  covi-riiiK  the  ontire  ran>re 
of  water  star^eit  from  tlio  hij;IiOHt  to  tlio  lowest,  in  vssewi'inl  in  onler  to  derive  ruled  for 
the  prediction  of  hi<:;)i-wat<.'r  ata;;t'8  for  a  ])lace.  The  loiiKor  the  record  at  twophicen 
fur  which  wAve'CrcHtit  are  dependent  the  more  acoMrato  the  rnles  can  he  derived  for 
olitaiuin^  hi);h  wutcr. 

There  are  144  river  stations  of  the  WVathor  Uiiroau  at  which  the  sta^roc  nf  \«atcr 
are  observed,  in  most  cases  at  leaHt  oiioe  a  dciy  all  the  year  round.  The  publlHliM 
records  of  river  Rta<;es  at  the  Wentlier  Bureau  statiouH,  and  the  gauge  records  of  the 
Mississippi  Kiver  Counuission  and  the  Mist<ouri  Kiver  Commission  hav«)  been  used  in 
deriving  the  rules  given  hero  tor  predicting  stages  at  varions  places. 

The  titles  of  tlievo  publications  are  as  follows : 
"  Regular  Gauge  Histories/'  including  readings  on  Missouri  river-gauges  from  1872 

to  18*^0.  both  inclusive:  issued  by  the  Missouri  River  Connnission. 
"  Stages  of  the  Mississippi  River  from  Cairo  to  CarroUton,  Preliminary  to  Stages  of 

the  Mississippi  and  its  Tributarits,"  including  reading'*  from  1x71  to  l^^O,  both 

inclusive;  issued  by  Missis^sippi  River  Commission. 
*' Stages  of  the  Mississippi  River  abovo  Cairo  and  of  the  Tributaries  of  the  Missis- 

Kippi  River,  except  the  Missouri  River,'*  including  reailings  from  1871  to  18^0, 

both  iuclusive;  issued  by  Mississippi  River  Commission,  lt^>lK 
"  Stases  of  the  Mii»iss8])pi  Kiver  and  of  its  Principal  Tributaries  except  the  Mitjsouri 

River  for  1^^7  and  168^.     Compiled  at  the  Seerttarv's  otlice,  Mississippi  River 

Commission,  18f-9." 
''  Stiiges  of  the  Mississippi  River  and  of  its  Principal  Tributaries  except  the  Missouri 

for  ly8.>.     Coujpiled  at  the  Secretary's  ollice,  Mississip])!  Kiver  Commission,  181)0." 
"Missouri  I^ver  Commission.   Stages  of  The  Missouri  Kiver  from  St.  Charles,  Mo.,  to 

Sioux  City.  low.'k.    Compiled   from  Miscellaneous  and   Regular  Gangi*  Records, 

IW6  to  issy,  both  inclusivr."     Mississippi  River  Commission  print,  I'^IK)." 
•'Stages  of  the  Ohio  River  and  of  its  Principal  Tributaries,  IS'sS,  to  IS^y,  inclusive. 

Part  I.     Washington  City,  Signal  Oilic*?,  HDD.'' 
"Stages  of  the  Mississip])!  l^iver  and  of  its  Principal  Tributaries  except  the  Ohio 

River,  lS»iO  to  IS^D,  both  inclusive.     Part  II.     Washington  Citv,  Weather  Bureau 

OtBce.  ISDl." 
"Stages of  Water  at  Miscellaneous  River  Stations  in  California,  Oregon,  Xorth  Car- 
olina, etc..  IS?.*)  to  IHH\),  both  inclusive.     Part  III.     Wasbingtofi  City,  Weather 

Bureau  Office,  181U.' 
As  a  rule,  better  predictions  for  a  place  can  be  made  the   greater  the  i)art  of  the 
total  drainage  area  above  the  upper  gunge,  the  readings  of  which  serve  as  the  basis 
for  predicting  the  stages  for  the  place  below  it. 

It  is  not  ]io8»*ible  to  make  very  accurate  jiredictions  of  stages  for  the  lower  places 
owing  to  the  irregnlar  distribution  of  rainfall  over  a  <lrainage  basin,  and  from  the 
fact  that  considerable  volumes  of  wattrr  are  in  some  instances,  added  to  a  river  by 
tributaries  coming  into  the  river  brtwe^n  the  gang<*s. 
The  predictions  of  river  stages  an?  of  three  classes. 

(I)  River-stage  predictions  from  rainfall  for  a  river  with  only  one  gauge,  as  Au- 
gusta on  the  Savannah,  Mount  Holly  on  the  Catawba. 

("2)  River-stage  predictions  for  a  place  from  observed  stages  at  a  point  above  where 
there  are  no  large  tributaries^coming  into  the  river  between,  as  Carthage  and  Xash- 
ville  from  Buiuside,  and  Eddyville  fnmi  Nashville  on  tliu  Cumlx'rl.'ind  ItiviT. 

(3)  River  stage  predictions  from  gauge  readings  at  upper  ])oints  where  dciuMulrnt 
on  the  stages  in  tributaries  as  well  as  in  the  main  river,  as  Cairo  for  instance,  de- 
|»endeut  oi\  the  stages  at  St.  Louis,  Vincennes,  Cincinnati.  Nashvilir*  and  Cliut- 
tannooga,  ami  St.  Louis, dependent  on  stages  at  Kansas  City  on  tin?  Missouri.  J >i:- 
buque  on  the  Mississippi, and  Peoiia  on  the  Illinois. 

The  rules  for  prediction  for  various  plac^es  her(^  given  have  be«-n  deri  ve<I  by  *  nipiri- 
cal  and  tn'ai»hical  processes.  In  some  cases  a  number  of  metimds  were  tried  and  the 
one  found  to  be  best  is  the  one  given. 

The  beat  motliod  of  predicti«iu  in  the  case  of  a  river  with  tributaries  was  found  to 
be  the  method  of  comparative  corresponding  ri^es. 

The  higher  the  river  stage  at  a  place  ihe  more  etleetnjil  a  risf  of  :i  given  amount  is 
in  producing  a  rise  at  fioints  below  it.  For  a  low  stage  at  a  lowei-  ]»oint  a  riM-  at  a 
point  higher  up  will  firoduce  a  greater  rise  than  when  the  .sta<re  at  the  lower  ))oint  is 
high.  The  (piautities  to  bi^  eompan-d  in  rises  liavt^  b«-iMi  taken  as  th*.'  jirodni'tM  of 
the  rises  by  the  mean  stages  dnring  the  ri^es.  Tlii.t  is  arbitral  ily  assuim-d.  <iiiser- 
▼ation»  of  river  discharge  are  neeess;iry  m  jrjve  the  relation  of  rises  aoeurritely. 

It  iseiitirely  outof  the  <piestion  to  deal  w  ith  river  ]>redieiinn  as  a  problem  in  dynam- 
ics to  be  solved  theoretically  on  phy^-ii.al  juincipies  beejinsi^  of  the  eojnpiexity 
of  the  conditions  involved,  the  varying  .slope,  nofs  section,  liyilranliL'  tleptli,  tortu- 
ODsness  of  clianuel,  etc.  Moreover,  an  aecnrate  sidutioii  is  not  to  be  thought  of  on 
•coonnt  of  the  varying  quantities  of  water  coming  into  the  river  between  gauges  in 
different  freshets. 
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ThB  most  that  oah  ba  expected,  is  that  the  stages  predicted  will  be  somewlieie 
near  wTi»t  may  be  expected.     This  will  be  a  zona  of  stage  ratlier  than  any  deAaita 

The  predicted  itagea  for  any  place  are  verv  rarely  in  error  more  than  3  fe«t. 

Floods  rarely  oocar  as  the  reaalt  of  a  single  rainatorm  cnusing  a  river  to  rise  ftom 
ft  low  stase  to  the  top  of  its  banks  bi  one  day,  Orerdowt  are  usnally  preceded  by  a 
slow  steady  rise  extending  over  SBveral  doiys,  aod  theo  a  great  rainfall  carrying  tbe 
water  to  the  flood  tine.  Ooooaiunally,  however,  this  does  happen,  as,  for  instance,  at 
TntcftlooBO,  Ala.,  when  the  Big  Warrior  rose  in  a  sincle  night  t>5  feet,  on  Uarch  35, 

:88i.  • 


The  danger  lice  at  PittsboTK  is  at  the  23-feet  stage. 

The  highest  water  observed  nns  :tj  feet,  February  10, 1633. 

The  drainage  area  of  the  vrnter  passing  Pittsburg  is  19.4G0  square  miles.  The 
stages  at  six  placeu  above  HittsLiDrg  areuitedforestiuiatiug  the  rise  of  water  atPitts- 
bnrgforoDOor  two  days  in  oiivunco.  These  statiuna,  with  tbo  drainage  areas  in 
square  miles  above  tbem,  are  Oil  Citv,  :!,?20;  Brotiltville,400;  Johnstown,  6*28;  Con- 
fluence, 1,380 ;  Kowleaburg,  1,320,  and  Weston,  Jei). 

Thedistancesfroni  Pittsburg  to  tUeae  placreiamiiesaud  thediS'urencesiuelovotiOD 
of  zeros,  of  ganj^es  are  as  follows ; 


Distance. 

Elevation, 

Pittabnrg  to— 

Milei. 
109 

68 

S* 

110 
145 

FMt. 

Weaton 
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Riaw  in  the  rivBisat  these  places  are  followed  by  rises  at  Plttaliurg  one  or  two  day! 
■fter.  By  oompuing  the  meoD  of  the  crest  stages  at  the  six  places  with  the  stages 
following  after  at  Pittsburg  the  following  comparative  stages  are  obtained : 
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4.3 

13.3 

6.9 

18.8 

9.5 

23.0 

4.3 

13.4 

7.0 

19.0 

4.4 

12.7 

9.6 

23,1 

4.6 

12.9 

7  1 

19.3 

9.7 

2:t.2 

7.2 

19.6 

9.8 

23.3 

4.6 

US 

7.3 

19.8 

9.9 

23.4 

4.7 

13.4 

T.4 

S0.2 

10.0 

33.5 

4.8 

13.7 

7.5 

20.4 

4.9 

14.0    ±1.2 

10.1 

23.6 

b.0 

14.3 

7.6 

flO.6 

10.2 

7.7 

20.8 

10.3 

23.8 

5.1 

14.5 

7.d 

21,1 

10.4 

23.9 

6.2 

14.7 

7,9 

21.3 

10.5 

24.0 

5.3 

14.  U 

8.0 

21.5 

5.4 

15.2 

10.8 

-31.3 

5.5 

15.4 

8.1 

1 

21.7 
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«  at  the  iix  statioai  In  the  follow- 

Factok  >'ob  PiTTSBUKQ  EiSB  i.s'  Tbrms  OP  TUK  Meak  Risk  at  Buc  STATtosal 


Pittflburg 

ritt«bnr([ 

BtBge. 

factor. 

3.M 

3.27 

3.10 

2.9:t 

a.  78 

10 

2.61 

3.44 

2.-J7 

1.33 

15 

1.76 

PiTTsnuRQ  Crest. 


Oil 
City. 

Coadaenca  (feet). 

3.    1  4.    !  &.    ■  C.      T.    [  8.   1  3. 

10. 
Ft. 

11.  1  12. 
Fl.  1  Ft. 

Fl. 
20 
21 
22 

22 
22 
23 
2;( 
23 

24 
25 
25 
25 
26 

S7 

14. 

Fl. 

21 
22 

22 
•£i 
23 
24 
24 

25 
25 
26 

s 

15. 

Fl. 
22 

16. 

«. 
■23 

17. 

n. 

24 

Feci. 

lo!:. 

11... 

ri.  \  J-l. !  /7. '  Ft. 

Ft.  I  Fl. 

Fl. 

10  1  10 

11  11 

11  1-J 

12  ■  IS 

i;i 

16 
IB 

20 
20 

ai 

21 

22 

23 
24 
24 
fl4 
24 

21* 

21 

23 
24 

•2-i 

22 
22 
22 
22 
23 

2i 

22 

22 
22 
!t3 

M;t 

23 

24 
25 
!» 

20 

27 

11 

13 
13 

la 
i:i 

14 
14 

15 
Hi 

U  ,  14 
IJ     14 
14     15 

14  15 

15  10 
IG     Hi 

IC  1  U 
IV  '  18 

20  1  20 

13  !  17 
lli  ;  It 
IS     111 

Ifi 
Id 

20 
20 
20 

20 
iil 
23 
23 
23 

2:>     25 
■e     25 
2a     2r. 

36     20 

1 

14... 

15... 

IG... 
17... 

I...J 

la-.i-. 

2S 

"•"■i"'""i""i 

Tlie  rise  at  Pittsljurg  a^  compared  witb  Hie  mcau  of  tbo  tines  at  OH 
City  and  Uoutliience  is  on  the  average  2.3  times  as  great. 
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Tlie  following  are  the  stage:^  greater  than  20  feet  at  Pittsburg  and  the 
stages  at  points  above  for  which  there  are  any  observations. 

Qauo^  Readingm. 


Date. 

Pitta- 
burg. 

Oil 

City. 

Brook- 
ville. 

Con- 
fluence. 

Rowlea- 
bnrg. 

Weston. 

Jobns- 
town. 

1874. 
Dec.  27 

Feet. 

Feet. 

Feet, 

Feet. 
1.0 

8.5 

Feet, 

Feet. 

FeeU 

Dec.28 

5. 9 

Dec.  29 

18. 5 
21.0 
20.0 

13.2 

Dec.  30 

Dec.  30 

•... .... 



Dec.31 

3.3 

1875. 
July  31 

5.3 

5.4 

14.8 

12.3 

AUGT.         l......-.r...... 

13.7 
17.2 

Anif.  2 

Auff.  2 

Aug.   3 

1877. 
Jan.  14 

21.0 

3.1 

3.7 

11.1 

9. 9 

«Jan.  15..... 

11.8 
18.3 

3.6 
3.7 

Jan. 16  

Jan.  16 

Jan.  17 

22.1 

4.2 

1878. 

1.5 

Dec.    9 

7.0 
11.8 
24.5 
23.4 

4.5 
20.6 
23.2 

""if 
8.1 
11.8 
11.7 

2.3 

« 

2.2 

7.8 

Dec.  11 

1881. 
Feb.    9 

1 

Feb.  10 

4.5 
8.0 

7.2 

9.6 

11.6 

1.8 
3.  5 

Feb.  12 

Jone   7.... 

June    8..--. 

8.8 
16.0 
27.1 
25.1 

2.0 
4.5 

Jnne   9 

8.6 

Jone  10 

12.2 

1882. 

2.2 

2.8 
H.  3 

Jan.  25 

10.0 

3.2 

10.4 

8.3 
19.4 
21.7 
21.5 

Jan.  27 

....•-.-- 

Jan.  28 

Jan.  28 

1 

7.2 

Feb.  20 

15.0 
19.6 
21.1 

4.0 
6.7 

H.2 

2.0 

8.4 

Feb.  21 

10.  5 

Feb.  22 

1 

1883. 
Feb.   2 

1 
1 

Feb.    3 

5.5 
15.2 
24.8 
20. 7 

2.7 

2.H 
2.b 
.V  6 

1 

Feb.   4 

IKO 

17.3  !--- 

! 

Feb.   5 

•  •••  ■  «•■•• 

Feb.    6 

17.2 

7.0 

1 

-•-- ■••• 

•        V.\  H 

Feb.    8 

27.6 

1 

Feb.  13 

"T:^ 

Feb. 14 

12.8 
19. 2 
20.7 

4.0  : i         1.2 

5.0  ; ■      r».7 

Feb.  15 

Feb.  16 

5.0 

8.2 

I^b.l8 

:::::::;  ;:::::::;i 
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Qavqk  BEADiKas— Continned. 


Jmi.  16.. 
Jmi.  17.. 
Jau.  17.. 


Hat.  30  .. 
Mm.  31  .. 
Apr.   1... 


Feb.  S... 
Feb.  3... 
Feb.  3... 
Fob.  4... 
Feb.  «... 
Feb.  9... 
Feb.  10... 
Feb.  11... 
Feb.  12. .. 
Feb.it!... 
Feb.  23... 
Feb.  34. .. 
FekSiS... 
Feb.  ae. .. 
Feb. '26... 
Feb.  27... 


Jan!  ».*! 
ADg.l7... 

Aug.ia... 

Aug.  19... 
Aug.  30... 
Aug.  31... 
Aug.  32... 
Aug.  33... 

Hay  30... 
Muy3l... 
Hay  31... 

June   3.. 
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Gauge  Readings— Continued. 


Date. 

Pitts- 
burg. 

Oil 
City. 

Brook- 
ville. 

Con- 
fluence. 

Rowlos- 
burg. 

Weston. 

Johns- 
town. 

1890. 
Mar.  20 

Feet 

Feet. 

Feet, 

Feet. 

Feet. 
6.0 

Feet. 

Feet. 

Mar.  21 

. 

2.0 

9.5 

Mar.  21 

2.9 
4.4 

0.7 
2.2 

5.6 
9.0 

6.4 
9.7 

5.3 

Mar.  22 

15.5 

10.0 
18.4 
13.6 

9.5 

Mar.  22 

11.0 

Mar.SS 

22.3 
22.5 

5.9 

2.4 

10.9 

10.5 

Mar.  24 

May  22 

9.5 

9.0 

13.4 

'"'h'h' 

2.9 
2.6 
7.5 

1.7 
1.4 
1.2 

3.9 

Mav23 

13.6 
16.5 
22.0 
19.5 

5.0 
5.0 

4.1 

Mav24 

6.5 

Mav  24 

Mav^ 

4.9 
7.0 

6.0 

5.3 

May  26 

8.9 

1891. 
Feb.  15 

4.3 

Feb.  16 

7.3 

Feb.  16 

9.3 
24.2 
31.3 

3.5 
16.2 
15. 9 

2.5 

10.0 

9.0 

6.9 
12.3 
10.1 

5.0 
5.7 
6.0 

3.5 

3.0 
3.0 

16.1 

Feb.  17 

17.1 

Feb.  18 

10.8 

Where  the  rises  at  Pittsburg  have  extended  over  two,  three,  four,  and  fiye  days, 
the  mean  rises  on  successive  days  to  the  crests,  have  been  as  follows  : 


■ 

Feet. 

Feet. 

Feet. 

6thto5th 

1.4 
2.6 
2.2 
0.6 
2.5 
2.8 

5th  to  4th 

4th  to  3d 

3d  to  2d 

1.4 

5.8 
4.5 

2d  tolst 

4.4 
6.0 

1st  to  crest 

WHEELING,  W.   VA. 


The  danger  line  at  Wheeling  is  at  the  36-feet  stage. 
The  highest  water  observed  was  54  feet  on  February  7,  1884. 
The  stages  of  water  are  the  result  of  the  stages  at  Pittsburg  one  day  before. 
The  distance  from  Wheeling  to  Pittsburg  is  71  miles.   The  difference  in  level  of  the 
zeros  of  eauges  is  65.4  feet. 
The  foflowing  are  the  comparative  stages  at  the  places  for  high-water  crests : 

Comparison  of  Crests  at  Pittsburg  and  Wheeling. 


Pittsburg. 

Wheeling  one 
day  after. 

'  p«"'"'««-  ^'atxr"' 

13 
14 
15 

16 
17 
18 
19 
80 

81 
82 

18.7 

19.8    il.3 

21.3 

22.4 
23.9 
25.4 
27.0 
28.4 

29.8    ±1.4 
31.4 

23 
24 
25 

;            26 
27 

1            2« 
29 
30 

31 
32 

32.5 
34.2 
35.6    il.4 

37.0 
39.2 
41.0 
42.5 
44.5 

47.0 
49.0 

WAJS  ffl—rOL  IV' 


^ 
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The  riae  at  Wheeling  in  two  dkjri  u  1>3  timea  aa  giest  u  the  rise  at  Piltsbnrg  in 
the  aame  inteival. 

The  following  are  some  of  the  importaat  atagea  at  Wheeliag  with  tlioae  at  Pitta- 
barg  preoeding  them : 

CouriBisOK  OF  Wateb  Crests. 


Feb.  8.., 

Feb.  15., 
Feb.  16., 
Feb.  17.. 

Fab.a... 
Feb.  6... 
Feb.  7... 

Jan.  16.. 
Jan.  17.. 

Apr.  6... 
Apr.  7... 

Feb.  11., 
Fob.  Vi.. 
Feb.  13.. 

May  31., 
Jimel  . 

June  2  .. 

Mar.  2-2  , 
Mar.  as  . 
Mar.  n  . 

Feb.  17.. 
Feb.  IS.. 
Feb.  10.. 


1083. 

Feb.  H 

Feb.  15 

Fob.  18 

12.  a 
10.  a 

20.7 

1884. 

1835. 

Jan.  IS 

Jan.  16 

Jan.  17 

9.0 
11.8 
22.0 

1886. 

Apr.  7 

1887. 
Feb. 11 

16.0 

Feb. 12 

21.9 

1889. 

May  31 

Jnnol 

Jonea 

4.3 
10.6 
21.8 

1890. 

Mar.  22 

Mar.  23 

Mar.  24 

15.0 

22.3 
22.5 

1«H. 

Feb.  ill 

Feb.  17 

9.3 
24.2 

Feb.  18 


17.0 

26.0 
32.  G 


SEPOBT  OF  THE   CHIEF  SIGNAL   OFFICEB. 


83 


Two-Day  Ribes, 


PitUborg. 

Wheeling. 

Pittsburg. 

Wheeling. 

7.9 

9.6 

20.8 

6.8 

4.3 
13.0 
12.2 
11.9 

8.8 

1.2 
6.3 
10.0 
5.9 
9.3 

9.5 

16.0 

4.5 

7.3 

5.0 
11.0 
81.0 

8.0 

4.7 
16.3 
16.8 
11.0 
13.3 

3.0 
8.3 

15.7 
4.4 

12.3 

9.0 
18.6 

5.3 
10.2 

12.9 

2.0 

6.5 

22.0 

13.5 

7.9 

17.5 
5.9 
8.3 
7.7 
9.3 

7.0 
6.4 
7.1 
5.9 

20.6 

9.i 

7.6 

19.6 

14.3 

8.3 

21.5 
13.5 
13.2 
10.1 
9.3 

15.5 
6.7 

10.7 
2.7 

9.2 

11.7 

Maristta,  Ohio,  and  Pabkebsbubo,  W.  Ya. 

Marietta  is  12^  milee  above  Parkersbarg.  The  river  stagea  at  the  two  places  are 
nearly  identical. 

The  danger  line  at  Marietta  is  at  the  25-feet  stage. 

The  highest  water  at  Marietta  was  52  feet,  February  9, 1884 ;  at  Parkersburg  it  was 
55  feet. 

The  distance  from  Marietta  to  Pittsburg  is  151  miles.  The  difference  in  level  of 
the  zeros  of  the  gauges  is  128  feet. 

Th^  water  passing  Parkersbnrg  drains  from  36,620  square  miles. 

The  corresponding  crest-wave  stages  at  Pittsbarg  and  Parkersburg  are  shown  iu 
the  following  table. 

The  interval  in  time  is  two  days. 

COBKRSPONDIVG  STAGES  AT  PiTTSBUKG  AXD  MARIETTA  OR  PARKBRflBUBG. 


Parkersbnrg  or 

Parkersbnrg  or. 
Marietta^ 

Fittsbnrg. 

Marietta  2 

Pittsburg. 

days  after. 

days  atter. 

8 

15.2 

21 

30.3 

9 

16. 0 

22 

31.7  ±3.0 

10 

16.7 

23 

33.5 

24 

:».5 

11 

17.4 

25 

37. 5  J-2. 2 

12 

18.3            ; 

13 

19.0 

26 

39.2 

14 

20.5 

27 

41.0 

15 

21.6 

28 

42.5 

29 

44.0 

16 

23.0 

1              30 

45.7 

17 

24.4 

1 

18 

25.5 

31 

47.3 

19 

27.2  4-1.5 

32 

48.7 

20 

28.7 

1 
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Feel. 

Feet 

2.0 
3.0 
4.5 
3.4 
4.0 

a.  7 

3.3 
3.7 
4.0 
2.7 

BesidM  the  wtter  pMaing  Pittabnis  there  also  soea  by  Hariotts  and  Parkerabare 
ftter  from  the  MnskingDiii  River,  wliiuh  dTAinx  about  12,000  sqDAre  miles.    On  this 


water  from  the  MnBkingDiii 
river  there  is  a  K^uce  at  Zat 

The  chaage  from  loir  to  hi}(b  water  ia  1.4 
iu  cnaea  ivbere  the  rlae  at  Paikeiabnrg  t;oe 

The  foUovinK  aie  aome  of  the  ioipoitaiit 
preceding  at  Pittabarg: 


aqnare  miles.    On  this 

reater  at  Parkerahnrg  than  Pittabarg 

>ove  the '25  leet  stage. 

la  at  Mariettaor  Parkersburg  and  tboM 


Marietta,  Ohio. 


1878. 

N*0V.25 

Kov.aa 

DecU 

Deo.  11 

1879. 

Jan.  12 

Jan.  19 

Jaii.27 

Jan.  20 

Mar.6 

Mar.W 

Dec.  39 

Jan.3 

1660. 

Fob.  11 

Feb.l4 

IBdl. 

Feb.8 

Fob.U 

Mar.  16 

Mar.  21 

Apr.7 

Apr.14 

JnaelO 

1862. 

Jan.STi 

Jan.  28 

Feb.  17 

Feb.  23 

1663. 

Feb.3 

Feb.8 

Feb.  14 

Feb.  16 


leadlDga.  | 

Fett. 
11.3 
18.7 
7.0 
23.4 


2.8 
12.8 


23.2 
8.0 
14.5 


21.5 

10.3 
21.1 


[   14.2 
\  23.1 


J   10.1 


1876. 

KoT.ae 

Nov.aa 

Dec.3 

Dee.  13. 

1879. 

Jan.  15 

Jan.  21 

J.1D.27 

Jan. 30 

Mar.4 

Mar.l3 

Dec.  31 

Jan.« 

1680. 

Feb.ll 

Feb.  16 

lesi. 

Feb.6 

Feb. 13 

Mar.  16 

Mar.ai 

Ai'r.7 

Apr.  Hi 

Junes 

Jan. 23 

JoQ-au 

Feb.  13 

Feb.  23 

1083. 

F«b.  3 

Feb.  0 

Feb.  14 

Feb.  17 , 


ir..o 

2U.7 
11.3 
2-.  3 


1B.0 
10.7 
14.7 
17.0 


20.0 
20.9 

17.7 
15.6 
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Corresponding  Rises  from  Low  to  Highest  Waters  at  Pittsburg,  Pa.,  and 

BIarietta,  Ohio— Continued. 


Pittsburg,  Pa. 


Date. 


Feb.  4 
Feb.  6 


1884. 


Mar.7. 
Mar.  13 


Apr.  4 
Apr.  7 


1886. 


Feb.  3  . 
Feb.  4  . 
Feb.  7  . 
Feb.  12 
Feb.  24 
Feb.  27 


1887. 


Jan.  6  .. 
Jan.  8  .. 
Aag.  21 . 
Aog.  22. 


1888. 


Gauge 
readings. 


Rise. 


Ftet, 
11.1 
31.9 

3.7 

18.8 

12.2 
22.1 

10.0 
20.0 
11.0 
21.9 
9.0 
20.2 

5.2 
21.2 

5.3 
23.0 


Feet 
I  20.8 


i 


15.1 


Marietta,  Ohio. 


Date. 


Gauge 
readings. 


Rise. 


^  16.0 
I  17.7 


Pittsburg. 


Jan. 

2r, 

1.. 
9.. 
6.. 
15. 

5  .. 

1884. 

Feb. 

Feb. 

Mar. 

Mar. 

Anr. 

1886. 

Apr. 
Feb. 

9.. 

2.. 

6.. 
8.. 
14. 
25. 

28. 

6.. 

10. 

.16 

24. 

1887. 

Feb. 

Ff»b. 

Feb. 

Feb. 

Feb. 

Jan. 

1888. 

Jan. 

Aug. 
Aug. 

»«••••  «»■•  •••• 

Feet, 

6.5 
21.5 
52.0 

7.2 
32.8 

23.0 

;«.i 

18.3 
28. 2 
21.0 
33.0 
17,8 
31.6 

'•O.O 

•27.9 

3.1 

28.0 


Feet 
45.5 

25.6 

J      9.1 

I  9.9 
I  12.0 
I     13.8 

I  18.9 
I     24.9 


Parkersburg. 


Jan.  6... 
Jan.  9  .. 
Jan.  15., 
Jan.  17  . 
Feb.  3.. 
Feb.  5.. 
Feb.  14. 
Feb.  16. 
Mar.  19 
Mar.  24  . 
Apr.  8  .. 
Apr.  10  , 
May23.. 
May  25.. 
Sept.  9.. 
Sept.  14 


1890. 


Feb.  16. 
Feb.  17. 
Feb.  18. 


1891. 


1890. 
Jau.6  

Jan.  10 

Jan.  14...... .•••.... 

Jan.  18 

Feb.5 

Feb.  9 

Feb. 14 

Feb.  18 

Mar.  21 

Mar.25 

Apr.  9 

Apr.  12 

May20 

May26 

Sept.  11 

Sept.  15 

1891. 
Feb. 16 

Feb.  21 

Feb.  20 

9.9 
26.9 
15. 9 
29.9 
13.7 
25.6 
13.7 
25.8 
16.9 
Xy.  0 
18.8 
26.6 
14.3 
29.5 

9.9 
27.2 

16.0 

44.6 

t44.3 


\ 


17.0 
14.0 
11.9 
12.1 
18.1 
7.8 
15.2 
17.3 

28.6 


*Zanesyille,  6th,  7.6;  8th,  15.9. 


t  Marietta,  43.8. 


The  stages  at  Parkersburg  are  influenced  by  the  Little   Kanawha  River,  at  the 
month  of  which  it  is  situated.    There  is  no  gauge  on  this  ri^rer. 

POINT  PLEASANT,   W.   VA. 

The  danger  line  at  Point  Pleasant  is  at  the  36-feet  stage. 

The  distance  to  Parkersburg  is  80  miles. 

Foint  Pltasant  is  at  the  mouth  of  the  Great  Kanawha  Birer; 
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MftrietU  or 

Point  fleaaant, 

MftfietU  or 

Point  PlBuant, 

Parlcsnliiirg. 

ODD  dftf  after. 

Purkersburg. 

one  da;  after. 

0 

5.0    ±0.8 

26 

31.4 

S7 

32.0 

C 

6.2 

S8 

34.2 

7 

7,3 

29 

35.8 

e 

8.G 

30 

37.4 

9 

9.9 

10 

11.!)    ±O.Ii 

31 

39.0 

3? 

40.5 

11 

12.4 

33 

42.0 

12 

13.7 

34 

42.7 

13 

IB.  1 

35 

43.4 

10.4 

1& 

17.  a  ±1.8 

36 

44.0 

37 

44.7 

IG 

19.3 

38 

4r>.4 

17 

30.  C 

39 

4G.1 

18 

21.1) 

40 

46.8 

19 

93.0 

SO 

W.l     ±1.& 

41 

47.6 

42 

48.2 

21 

a.  5 

43 

49,0 

22 

26.8 

44 

40.5 

23 

27.9 

45 

50.0 

S4 

S9.0 

S5 

30.2    ±1.5 

10  Qreat  Kaaatrba  Sirer.   Than 


Oalupoi.ib. 
(ObservatioDS  DO  longer  taken.) 


e-orest  stages  at  Parkersbiirg  and  nt  Oalltpoli^one  day  later, 


Marietta. 

Galiipolis, 
one  day  after. 

13 
13 
14 
15 

16 
17 
18 
19 
20 

21 
32 
23 

24 
2.'> 

96 
H7 
88 

17.0    ±1.0 

18.2 

1».3 

20.5 

21.6     ±1.3 

39.7 

33.7 

34.  )j 

26. 0    ±9.1 

27.3 

29.9 
30.4 
30.9     ±3.31 

31.4 
SS.0 
33.4 
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The  lUnipT  line  m  C'linTlL-ston,  \V.  Va..  is  nt  30  foot. 
The  hifcliiitt  wktcr  olwi-tvcd  was  AH.'J  feet,  iJejileiubpr,  1301. 

Tbore  is  ;i)(aiigaat  ^iutc■llubovoClla^ll!^tuau1l  tlie  KbhaitIu,  but  tbo obKiratiou 
Are  not  yet  uiimetuilB  enoagli  to  obtain  trustiTorthy  rreata. 

Tbu  TiKR  at  Charieatoii  tav  ordinarilir  tlirea  tiiiiea  as  gra»t  aa  tboM  Kl  Hinton. 


Catlkttsui'Ri 


,  Kt. 


CatlettHburg  ill  at  tbe  moiitb  of  tbe  Big  Sand;  Biver. 

Tbp  daogcr  line  la  at  00  fcot. 

Tbe  Rtaseit  of  water  are  maiDly  tlie  result  of  tbe  Btagca  at  Parkersbiire,  but  are 
aluo  tbe  xe»aU  of  (ttoEea  at  Charleston,  \V.  Va.,  and  Loiiiia,  on  the  Btg^aody,  15 
mile«  above. 

Tbe  distaucu  frou  Cntleltsburg  to  Point  Pleasant  is  51  miles. 

Tbe  coTrexponding  crest-irave  iitagea  at  Paikersbarg  and  Catlettsbnrg  tiro  day  a 
isfollr 


after  ai 


Pnrker.ibnrK  or 

Parkerribnrg  or 

CallettsburR,  | 

Marietta. 

two  days  after. 

Mariett*. 

tiro  dafs  alter.  | 

4 

4.r.   4-0.4 

^'5 

34.2    ±3.ir 

5 

cr.  ~£o.i 

■JO 

Xi.4 

6 

rt.fi 

■J7 

:«.« 

ID.  I! 

■ia 

ar.7 

ia.l 

■£) 

;i-.8 

•J 

13..^ 

;fo 

W-a 

10 

15.4     ^\.S 

' 

41.0 
4^.1 

11 

17.0 

iw 

I'J 

li-.r! 

;w 

4a. -J 

l:l 

'J(l.7 

;i4 

44.  :t 

14 

ai.7 

.           ;ir, 

4:..  4 

1.-. 

•in.  0    :^2.  0 

1           :Mi 

4ii.  r. 

ir. 

•J4.1 

:'" 

47.  fi 

17 

i->.:i 

4(?.7 

l." 

■jr..  A 

111.  S 

lit 

■10 

M.:i 

■-•(I 

;i-:il  -)--.M 

•■il 

:tii.!i 

■II 
*■• 
4;i 

r.a.  11 
r,:i.l 
54.  !i 

a:! 

:u.ti 

It 

Ml 

:ij.o 

4.-. 

51;:  1 

Thcdaiignr  lino  at  Porlsmnnlb  is  at  llj«  50-ti.'ut  Maj;!'. 

Tbe  diHtanua  from  Portuniuntb  to  Untb'ttitbiir;;  in  ;fj  mi 

Tlie  dislanco  to  Marietta  is  ISii  mile*.    Tli«  dirtWvnik!  ii 
at  Uarlelta  and  PottMiuontb  is  !Ni.4  Itet. 

Portainoutti  U  at  the  inoalb  of  the  .^sioto  Hiver.  Tbe  f.t  ajjes  nf  water  are  inlliienced 
Buinljr  by  ttanee  at  Parkenlinri;,  but  water  in  :ibii  :idili'd  Ih-Iow  I'arkorsburi;  by  the 
Kanan-ba,  nitb  ganj^i.'  nt  Cbarlwloii,  W.  Va..  by  tbi-  lli^  Sandy,  nilb  i;aii|;u  at  Lon- 
I«a,  and  by  tbe  Scioto,  wilb  gauge  at  L'irvluvilli!. 


eve]  uf  tbe  zeros  of  gangel 
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ParkeTsbnrg. 

Portamoutb, 
two  daj-H  Hftor. 

ParterBbnre. 

PortsmontU, 
two  days  aflwr. 

7 

11.2 

22 

31.3 

12.9 

S3 

32.3 

9 

14.3    ±1.8 

24 

33.  S 

10 

15.7    ±1.4 

25 

'  34.3    ±2.7 

U 

17.1 

2G 

35.3 

12 

18. 'J 

27 

36.4 

in 

20.  r. 

26 

38.3 

u 

21.9 

29 

41.1 

15 

23.3    ±1.0 

30 

43.  f> 

IG 

24.  (! 

31 

45.9 

26.1 

M 

48.  S 

18 

27.4 

3:1 

50.9 

19 

2».4 

:m 

53.0 

)10 

29.4     ±1.7 

:i5 

50.5 

SI 

30.3 

CINCINNATI    RIVER   BTAGK. 

The  water  going  by  Cinciunati,  on  tbe  Ohio  River,  drains  fWnn  an  area  of  78,36C 
square  miles;  tlial  going  by  ParkenbiiTg,  W.  Va..ou  tlie  Obio  River,  drainii  ttt>lti 
36,620  sqaare  miles;  that  going  by  Cliarleaton,  W.  Va.,  on  tbe  Great  Kanawha  River, 
drains  13,t>40  square  miles;  that  Koiiig  by  Louiaia,  Ky,,  on  the  Big  Sandy  River, 
drains  from  3,HIX)  square  miles,  and  tbut  going  by  Circleville,  Ohio,  on  the  Scioto 
River,  drains  from  4,400  square  miles. 

Tlio  Upper  Ohio  River  above  Parkersburg,  tUoriveroof  West  Virginia  and  western 
Kentncby,  are  tbe  important  areas  in  flood  production  in  the  Ohio  River.  The  laud 
is  relatively  impermeable  to  water  and  the  slopes  are  great,  so  that  a  very  large  part 
of  a  rainfaU  goes  directly  into  the  rivers.  Tbe  uorth  side  of  the  Ohio  River  nelow 
Parkerahnrg  is  not  significaut  in  flood  ptodoatiou.  The  slopes  of  the  ground  are  ligbt 
and  tbe  soil  permeabln.  The  rainfall  sinks  into  the  sround  and  is  fed  ont  slowly  to 
therivera  through  nameroos  springs.  The  distance  mim  Ciuoinnati  to  Parkerabnrg, 
W.Va.,  by  the  river  channel  is  -06  miles;  to  Charleston,  W.Va.,  'J35  miles;  to 
Louisa,  Ky.,  ITS  mites ;  and  to  Circleville,  Ohio,  VS  miles. 

These  distanoes  fVom  Cincinnati  are  relatively  as  follows :  To  Parkersbnrg,  W.  Va., 
1;  to  Charleston,  W.V».,U.93;  to  Louisa.  Ky.,  0.63,  and  to  Circleville,  Ohio,  0.66. 

The  elevation  of  zero  of  gange  at  CiQcinnati  above  mean  ocean  level  is  425.02  feet; 
at  Marietta,  569.045  feet;  and  at  Charleston,  W.Va., 554.4  feet.. 

In  104  cases  of  principal  river  rises  at  Cincinnati  since  May  9,  18T3,  the  wave  crest 
at  Cincinnati  occurred  with  respect  to  the  wave  crest  at  Parkersbnrg, W.Va., or 
Uarielta,  Ohio, as  follows: 

Cincinnati  wave  crest  in  I  cose,  six  days; 
cases,  three  days  ;  25  cases,  tw     ' 
same  day  as  Polkersburg ;  2  c 
Parkersbnrg. 

The  flood  of  1632,  63  feel,  was  four  days  after  Marietta  crest.     (Ellet.) 

Tbe  river  stages  at  Parkersbnrg,  W.  Va.,  anil  Marietta,  Ohio,  are  used  iutercbang- 
ably.  Marietta  is  t3t  miles  above  Parkershnrg.  Observations  at  Farkeraburg  wet* 
not  begnn  antjl  lB6d. 


se,  Ave  days  ;  G  coses,  four  days  ;  39 
odays;  16  casus,  1  day,  after  Parkersburg.  Ten  cases 
.._  j__   .  _ .__  — ^  days,  1  case  three  days  before 
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Comparisons  of  tfao  Marietta  and  Parkersborg  gauge  readings  of  the  same  days  show 
cloee  agreemeut.  The  means  of  the  gaage  readingo  for  a  number  of  mouths  are 
shown  below. 


Months. 

Meau  of— 

• 

Parkers- 
burg  gauge. 

Marietta 
gauge. 

1888. 

8.7 
7.C 
7.1 
9.8 
12.8 
9.0 

12.1 
8.1 

e.f) 

Anifost....  .....••.■•-. ......  ■••...  ..a. ....... .... .. ...... 

7.5 

Rei>teinl>er  ..,.-^-,-. , ,, ,,^^-,  ,t,,  ,.,-^^ 

6.9 

October 

November...... 

12.9 

December ........-' 

9.4 

Jfinnarv.... ...... 

1889. 

11.9 

May 

7.9 

From  this  it  may  be  judged  that  any  relation  that  exists  between  Marietta  and 
Cincinnati  gauges  also  exists  between  the  Ciuciunati  and  Parkursbiirg  gauj^s. 

The  Marietta  ^auge  readings  do  not  follow  the  Cincinnati  g:iu<;e  readings  very 
closely,  as  might  indeed  be  in^rred  from  the  fact  that  the  Marietta  drainage  basin 
does  not  include  more  than  two-iifths  of  the  whole  of  the  Cincinnati  drainage  basin. 

There  is  a  daily  record  of  the  river  stage  at  Cincinnati  since  June  I,  1858 ;  at  Mar- 
ietta, Ohio,  since  July  1,  1877  :  and  at  Pittsburg,  Pa.,  since  1865. 

There  are  rainfall  records  for  Cincinnati  and  Pittsburg  since  1870 ;  for  Columbus 
since  July,  l>i78;  and  Marietta  since  July,  1877.  There  is  a  great  mass  of  other  rain- 
fall records  at  varions  places  in  the  catchment  basin  of  the  Ohio  River  above  Cin- 
cinnati. 

A  comparison  of  the  highest  river  stages  at  Pittsburg  with  corresponding  sub- 
sequent high  stages  at  Cincinnati  shows  that  the  Pittsburg  gauge  readings  can  not 
be  of  much  use  in  forecasting  the  height  of  water  at  Cincinnati.  The  record  of  rises 
from  January,  1881,  to  June,  1889,  that  seem  to  have  a  relation  to  each  other,  show 
that  the  rise  at  Cincinnati  follows  that  at  Pittsburg  from  four  to  six  days.  The  dif- 
ferences between  the  low  waters  and  next  succeeding  high  waters  at  Cincinnati  are 
generally  greater  than  the  oorrosponding  differences  at  Pittsburg  by  amounts  varying 
from  8  to  40  feet.  In  fifty-three  cases  there  are  only  three  exceptions  to  this  rule. 
Febmary  8  to  11,  1881,  the  rise  at  Pittsburg  was  20  feet ;  at  Cincinnati,  February  11 
to  16  ,it  was  17.7  feet ;  December  22  to  26, 18S1,  the  rise  at  Pittsburg  was  11.6  feet ;  at 
Cincinnati,  December  !^  to  January  1,  it  was  only  6.2 ;  August  2  to  4,  1885,  the  rise 
at  Pittsburg  was  7.2  feet ;  while  at  Cincinnati,  August  5  to  10,  it  was  6  feet. 

The  water  that  passes  Pittsburg  drains  from  an  area  of  19,440  square  milen.  What 
paases  Cincinnati  drains  from  an  area  of  78,360  square  miles,  59,000  mure  than  Pitts- 
burg. It  is  not  surprising,  therefore,  that  the  gauges  should  show  so  little  in  com- 
mon. As  any  particular  rainfall  is  probably  only  seldom  confined  strictly  to  the 
Ihnitfl  of  the  Pittsburg  catchment  basin,  the  river  rise  at  Pittsburg  can  be  considered 
as  an  indication  to  some  extent  of  raintall  taking  place  in  the  territory  adjoining  it. 
If  there  is  reason  to  believe  that  of  any  particular  rainfall  no  rain  is  fulling  in  the 
basins  of  the  Ohio  outride  of  the  Pittsburg  basin  it  may  bo  considered  that  the  attend- 
ant rise  at  Cincinnati  will  be  about  8  feet  more  thanthe  corresponding  rise  at  Pitts- 
bur};.  If  the  rainfall  is  general  throughout  the  Cinciuuati  basin  the  rise  at  Cincin- 
nati may  be  40  feet  greater  than  the  rise  at  Pittsburg. 

On  the  whole,  the  I*ittsbnrg  river  gauge-readings  are  not  of  much  service  in  indi- 
cating coming  stages  of  water  at  Cincinnati. 

It  has  not  been  fonnd  possible  to  make  any  very  definite  use  of  the  observations 
of  the  depth  of  rainfall  in  forecasting  the  rise  of  the  river  at  Cincinnati. 

If  the  rainfall  stations  were  numerous,  a  hundred  or  more  well  distributed  through- 
out the  area,  it  would  undoubtedly  be  possible  to  make  some  use  of  them.  The  time 
it  would  require,  however,  to  collate  a  large  mass  of  observations  would  forbid  its 
practical  use. 

As  things  stand  at  present,  with  the  few  observations  of  rainfall  that  are  received 
by  telegraph  daily  from  points  in  the  Cincinnati  drainage  basin— Cincinnati,  Colum- 
bus, Parkersbnrg,  and  Pittsburg— only  excessive  rainfalls,  those  amounting  to  more 
than  1  inch,  can  be  of  any  use  as  a  definite  indication  that  a  rise  is  going  to  take  place 
Inths  ease  of  A  number  oirainfalls  reporUd  the  same  day  from  various  plaice  tAi^msx* 
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imnmralufall  at  auy  ploco  in  the  biuin  in  nlictt.ur  iiiilic:itiiiii  of  whnt  tiiartT»T  riM 
is  goiQK  to  bo  tliiui  tlie  uieati  of  tba  rainfulla.  Tbit)  iroitlil  uat  of  oourto  be  tho  omb 
if  tborBitiri>llBtatiou8n-i>rHnnniBroiia.  The  nin.iii  nmild  tiien  be  better.  T lie  foot 
tlmt  tbe  muximiim  lainfikll  (jives  a  better  iiiilivutiou  TV'here  tlicro  are  only  a  few  ita- 
tlons  BeDdiu)!  rainfall  obstrvatious,  sUon'a  that  tbL-ru  are  probably  very  much  heavier 
TftinfnllH  ocoiiriti);  at  places  from  which  uo  observatioua  are  let'cived  than  at  any  of 
tbe  Rtatioua  whore  the  observations  are  niaiW. 
Tbe  monthly  mcniii  of  the  gauge  reailingn  at  Cincinnati  aro  higher 

rta       Tlin  rtiffi-ri'iic-i    '  ... 


respotidJDg  lueanH  at  Mi 


Tho  ilitTKri 
The  me 
i;tveu  below  fur  the  t' 


Mouths. 

Marietta. 

Cincinnati. 

Cincinnati 
mlons 

Mariott*. 

Jan-ar                         "**' 

14.1 
U..I 

H.a 

»1.3 

7.7 

4.:i 

ri!4 
r..» 

iS:;! 

i:t.O 
l:t.l 
10. 'J 
17.  M 

.'..ti 

4.4 
1.« 

:i.  1 
a.  a 

».t) 

10.0 

10,(1 

!!,:( 
7.(i 

li 

■2.i 
i!.4 

:!.o 

25.  G 
15.9 
17.1 
2C.5 

V..0 
14.7 

CM 

W.r> 
u.o 

AS 

ir>.& 
id.l 

■a4.u 

so.:i 
37.4 

■ii.'J 

15.4 

i:t.« 

10.0 
5.4 
5.-J 

1!>.4 

20,4 
4a  4 

aa.4 

24.0 

ac.fi 

11.8 

r>.7 

4.» 
a.:) 
3.3 
3.0 
U.1 

■20. 'i 
'JO.  1 

zt.o 
a:i.s 

tXH 
10.4 

14.  <; 

iy.o 

1^4 
17.^ 
37.4 
10.  a 

July 

a.  7 

i«eo. 

s>.r> 

AiiKBrt:;;"""::::::::::::::: :;;:::::::";; 

Janunr                      ^'^'' 

Fabtiiary 

23.4 

April 

14.4 

M»y 

11. :i 

7.2 

July _ 

August 

fScptflinbiT 

October  .. 

2.5 
l.d 

o.a 

0.!l 

0.0 

i.y 

l*-w. 

January 

Fubroarj- 

as 

U.4 

ti.'j 
7  S 

""K'i"" 
a.* 

l«.l 

>£rl;;;;;:~:;;::::;:::;:;::::;:::::::;::: 

Jnno 

5.(1 
(!.l 
4.6 

November '.'.".'.'.,' '...'. 

14.  r. 
6.tJ 
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For*  DMifta  inoathlyntngeof  B.sfeot  at MarietUtlie  con-eiponiling  lUMu  niontlily 
■tan  At  CiucinoAti  may  lie  from  :<.(>  to  i:).5  fi>et  hiKhcr. 

Through  pouts  phittuil  on  a  sliuet  oC  papp.r,  with  tbo  iiie.iD  rooiUuss  of  tile  SlarU 
ctta  f{30ge  AH  alicinuLs  and  the  cicosx  of  tlin  CitiuloDitti  roean  Kang«  rendiDSS 
over  tbo«e  at  Mnrietta  a»  iirdiiiateB.  a  nmnolli  curve  n-n«  ilrairn  to  repn'sent  the 
average  of  the  (litrcreDcat  of  tho  two  giin);<<B.  >'rom  this  curve  tUo  following  ordi- 
nate* irere  taken,  irhicli  may  be  conBidortil  oh  tiio  nvernRO  iliHurencea  lict.wreu  tliA 
Marietta  and  Cincinoati  gangs  readings  for  dilTeriiUt  heights  of  the  water  uu  tbe 
Uarietta  gauKo- 

Mrak  Monthly  Qaigi!  Kbauino. 


Cincinnati ; 

Clut^iunat 

Marietta. 

hidherthan; 

Marietta. 

Iiicherthiiii 
Mnriutta. 

Marietta. 

S 

1.0 

ir. 

iG.r. 

4 

•2.i, 

Hi 

17.5 

ri 

4. 'J 

17 

1*:! 

6 

5.n 

18 

ltf.4 

7 

Itf 

SO.O 

» 

S.7 

ao 

mo 

9 

!il 

31.6 

10 

10.7 

aj 

*j.:t 

u 

la.o 

'j:i 

aB.7 

12 

13.0 

■J4 

a:t.i 

W 

14.  B 

^ 

21.4 

" 

K..a 

Tlie  corroipondins  cnrvrs  of  water  level  for  Cincinnati  and  ^[ariiitta  abow  tliat 
tbere  is  Mtue  cnnuection  between  the  riwHand  fullnnf  thtt  river  at  Ibe  two  placus.  A 
rile  iu  tbu  curve  at  Marietta  is  uinaily  f<>tlonri>d  l>y  x  ri.ne  in  tlitj  Ciiietuuatl  cnrve. 
t)y  fur  the  Rreutcr  nDinbpr  of  crcHtsor  thn  curvo  at  Ciucinnnli  ure  from  two  to  three 
daye  later  tliaii  the  corri'Spnnilini;  rn^Hts  at  Marietta.  The  time  tor  tlio  cr'st  of  a 
wave  uf  high  water  to  travel  from  Maviuttalo  Cineiiiiinti  is  on  tbe  average  twodnyi 
and  a  half. 

The  risen  that  occur  are  of  two  kiuiU,  dcpi-ndiiit;  an  tbe  extent  of  the  rainfall  and 
location  of  the  place  of  );reat<>fit  depth  iif  rainfall.  Tim  river  beginn  to  rise  at  both 
places  almiiltaneouHly,  ur  tho  rise  sets  iu  at  Cini'ii)iinti  two  or  three  davH  Inter  thau 
at  &Iarietta.  The  rises  are  various  in  cbaracter.  The  greater  niirnlier  of  thvni  tako 
place  ill  ironi  three  to  nine  or  ten  day*.  Tlio  fulbwtii);  table  ahitWH  the  daily  changea 
during  tbe  rieCH. 


Apr. 24,  ISTrt  (.'..8)  +2,1  +1.N  +:t.  1  +ii.7  +ii.()  +1.(1  +I,(i  +n.r, 

Apr.  27, 18TH  '  ( 111.  2,  +1. :(  +."..  0  +-.  7  +1>.  .1  +X  :j  -f 

Mar.lO,  18TS  (11.0)  +0.3  +0,.l  +1.0  +iU  +a.'>  +1.1 

Mftr.ll,l87e  (2J.7)+I.8  +J.7  -i).:i  +i.:t  +i.!i  +(j.:t 

.Ian.  10,  ma  (4.5J  +4.7  -1.2  4-C,.-2  +2.-1  +ii.r,  +I.li 

Jan.  12, 18;«  (^J.(i)+7.2 +!-'■» +l-i +i'.« +0.t) +0.2 

Dec.  22, 1879    ((LP) +0.2 +5. ft    +,k.(. +i>.(i +[.2 

Dec.  22,1879  (17.0)  -|-1-^  +-i-~  +i'>-i  +''.1  +4-12 

Si>pUl2,  1878  (3.5)  +i:t.2  +2.2    +0.i;  +l.:i 

Soptia,  ms  (.'■..2)+0.2  +-22.-^  +7.7  +o.a 

Nov.  23,1877  (5,8)  +1.?  +6,0  +0.7      +i).2 

Nov.  26, 1877  (.i.!!)  +li!.(l  +7.(i  +1.5 

ftb.  21, 1878  110.8)  +2.0  +2.8  +.'1.2  +4,2 

Feb.  21,1»J8  (19.9)  +2.5  +0.0  -0.2  +a.5  +3.'J  +2.1  +0.2 
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July  8, 1888  (5.3)  +1.9  +11.0  —0.7  +4.0  +2.5 

July  9, 1888  (8. 8)  +1. 3  +3. 4  +7. 5  +7. 7  +1. 8  +1. 0 

Feb.  7, 1882    (9. 8)  +2. 5  +2. 3  +4. 8  +2. 1 

Feb.  7,1882  (20.8)  +2.0  +1-0  +6-2  +2.9  +2.5  +4.2+1.5 


Aug. ; 

Aug.  , 

Feb. 

Feb. 


Mar. 
Mar. 
Mar. 


,1881  (7.5)+O..T+0.r>+2.0+4.l  +2.0 +3.  "> +4.0 +2.5 +1.0 

.,  1881  (ig.  9)  +0. 2  +3. 6  +4. 5  +4. 1  +2. 2  +0. 4  +1-  8  +0. 7  +0. 8  +1. 8 

i,  1881  +1.2 

,1888  (7.9)  +15.5  +2.1  +2.5 

1, 1888  (8.6)  +10.3  +1.1  +4.3  +5.0  +4.2 

.1887  (18.3)  +3.9  +3.0  -\ 

.,1887  (41.0)  +«-4  +4.5  -i 

.  1880  {< 

,1880 


Feb. 

Feb.  1 

Pfb. 

Feb. 

Feb. 

Feb. 

Feb. 


Jan.   29.  1 


i  (6.0) +4.0  +10.5  +8.S  +9.7 

1  (IS.  2)  +5.(i  +8.0    +5.0  —2.0  +5.4  +5.1  +4.7  +2.3  +0.2 

3  (11.0)  +3.3  +11.2  +8.9  +2.1    +.t.4  +3.7 

3  (29.4)+S.9 +11.5 +5.5  +2.4  +1.1  +3.1 

3  +1.7  +0.2  +1.4 
2.L      ,-._       ,._       ..    ,_.„      _.-    ,...    , 

4  +11.2  +8.1  +G.8  +2.0  +0.6  +3.3 
1  +8. 6  +3. 2  +2. 5 

4  +6.7  +1.5  +1.1  +1.1  +1.7  +1.9  +1.4  +1.0 


The  noticeable  featui-es  of  theio  ditTei'ences  ai'e  :  first,  that  the  higheat  point 
is  reached  by  the  high  water  two  days  »ft*^r  the  differences  begin  to  diminish ; 
second,  that  tho  greatest  dally  dlffercnue  at  Cincinnati  follows  that  at  Marietta 
by  two  days. 
'On  thu  whole,  however,  tho  differences  can  not  be  regarded  as  a  sate  criterion 
to  go  by  in  judging  of  what  the  river  will  do.  It  is  only  something  to  be  con- 
■  sidered  in  connection  with  other  ciivuinBtances. 

From  the  above  It  appears  that  Iho  amount  of  the  i-iso  at  Cincinnati  is  greater 
than  that  at  Marietta  for  a  low  stage  of  water  at  Cincinnati  and  les.'.j  than  the 
Marietta  rise  when  tho  Cincinnati  stage  is  high.  When  the  minimum  point  on 
the  Cincinnati  water-level,  curve  is  32  feet  tho  subsequent  rise  to  high  wab>r  is 
usually  about  equal  to  tho  rise  that  takes  place  at  Marietta  between  the  coi-i-e- 
spondlng  low  and  high  water,  provided  the  rises  an'  canned  by  general  rainfalls 
occurring  throughout  tho  whole  of  the  uatchment  basin  of  the  Ohio  above  Cin- 
cinnati. For  stages  at  Cincinnati  lower  than  32  teet  there  is  a  slow  increase  in 
the  rise  at  Cincinnati  as  compared  with  the  MaiTelta  rise.  Above  the  32-^001 
stage  the  rise  atCincinnatiustially  diminishes  very  rapidly  as  comparedwith  the 
corresponding  Marietta  riae. 

The  duration  of  a  rise  in  the  river  at  Ciacinuati  varies  ordinarily  from  four  to 
nine  days.  There  is  one  case,  that  of  January  29  to  liVjbruary  14, 1884,  in  which 
the  rise  continued  sixteen  days.    The  average  time  of  a  rise  is  7.4  davs. 

Tn  the  following  tabic  are  given  the  rainfalls  eneeeding  I  inch  in  twenty- 
four  hours  that  have  occurred  at  Cincinnati,  Columbus,  Marietta,  and  Pittaburtf 
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from  July  1, 1877,  to  January  1, 1889,  and  the  subsequent  rises  in  the  river  at 
Cincinnati  that  may  be  presumed  to  have  been  caused  by  them : 

Table  op  heavy  rainfalls  in  excess  op  1  inch  in  a  day  por  the 
twenty-pour  hours  enbino  at  7  a.  m.  on  the  date  given  for  cincin- 
NATI, Columbus,  and  Pittsburg,  and  2  p.  m.  for  Marietta,  and  thb 

SUBSEQUENT  CHANGE  IN  RIVER-GAUGE  READINGS  AT  CINCINNATI. 


Year. 


1877. 

July  17 

Dec.  30 

1878. 

Apr.  10 

June  10 

July  5 

Julv  13 

July  30 

Aug.  18 

Sept.  12 

Sept.  13 

Oct.  23 

Nov.  27 

Nov.  28 

1879. 

Mar.  22 

Mar.  23 

June  3 

June  6 

June  11 

June  15 

June  28 

June  29 

July  11 

July  12 

July  24 

July  30 

Aug.  1 

Aug.  6 

Aug.  8 

Aug.  16 

Aug.  24 

Aug.  23 

Aug.  26 

Sept.  3 

Sept.  13 

Nov.  15 

Dec.  22 

use.  m/i 

1880. 

Jan.  9 

F^b.  13 

Feb.  14 

Mar.  5 

Mar.  27 


Rainfall  in  inches  at — 


>3 

08 

a 
d 

O 


5 

08 


1.34 
2.06 


1.14 


1.87 


1.34 


1.57 


1.19 
1.08 
2.30 
1.04 
2.45 


1.54 


1.14 


1.13 


1.04 


I 


1.71 
1.13 
1.51 
1.34 
1.93 

1.16 
1.44 


L23 


1.37 
1.13 


1.50 
1.36 


04 


1.70 
4. 58 
2.24 
1.25 


1.06 


1.42 


1.72 


1.70 


1.50 
1.13 
1.04 


2.80 


1.10 


3.88 
1.28 


Cincinnati  gauge. 


Date. 


July  17 

Dec.  30 

Apr.  9 

June  9 

Julv  5 

July  12 

July  30 

Aug.  17 


Sept.  12 
Oct.    23 


10.6 
11.2 

16.1 
9.7 

11.0 
8.0 
0.2 
9.3 


5.4 
4.3 


Date. 


July    20 
Jan.      2 


Apr. 

June 

July 

July 

Aug. 

Aug. 


10 
14 

8 
17 

3 
22 


bo  . 

^  d 
be-" 


Sept.  16 
Oct.    27 


1.35 


1.79 


1.35 


1.04 
l.a5 
1.04 


1.55 
1.31 


1.27 


Nov.  27 


Mar.  22 

June  3 

June  () 

June  10 

June  15 

June  27 

June  28 

July  11 

July  12 

July  23 

July  29 

July  31 

Aug.  6 


Aug.  15 
Aug.  23 
Aug.  24 
Aug.  2.") 
Sept.  2 
Sept.  13 
Nov. 
Dec. 


24. 0  :  Dec.     1 


10.0 
17.8 

18.2 
9.8 
8.8 
9.2 

11.8 
9.3 


Fall,—; 
rise,  +. 


«^.  3 
10.2 


38.0 


29.0 
10.8 
9.0 
7.8 
8.8 
5.0 
5.0 
5.8 
5.9 
6.8 
4.2 
4.5 
9.1 


14 
22 


Jan.  8 
Feb.  12 
Feb.  14 
Mar.  5 
Mar.  27 


10.0 
5.8 
6.5 

10.5 

10.7 
6.2 
2.8 

17.0 


39.9 
15.1 
37.8 
27.7 
20.5 


Mar. 

27 

36.1 

June 

I 

9.5 

June 

1 

9.5 

June 

13 

^7.  aJ 

Juno 

19 

6.8 

June 

30 

5.1 

July 

2 

5.0 

July 

14 

5.0 

July 

16 

5.0 

July 

26 

5.2 

July 

31 

4.5 

Aug. 

3 

12.1 

Aug. 

8 

9.7 

1 

Aug.  17  ' 
Aug.  26 
Aug.  26 
Aug.  27 
Sept.  4 
Sept.  17 
Nov.  16 
Dec.    27 


Jan.  10 

Feb.  15 

Feb.  17 

Mar.  11 

Ai)r.  1 


12.4 
16.2 
10.2 
14.0 
15.7 
6.2 
3.7 
42.8 


41.9 
47.4 
53.2 
45.1 
27.3 


—  0.6 
+  6.6 

+  2.1 
+  0.1 

—  2.2 

+  1-2 

4-  5.6 

0.0 


+29.9 
+  5.9 


+14.0 


+  71 

—  1.3 
+  0.5 
+  1.4 

—  2.0 
+  0.1 

0.0 

—  0.8 

—  0.9 

—  1.6 
+  0.3 
+  7.6 
+  0.6 


+  2.4 
+10.4 
+  9.7 
+  3.5 
+  5.0 
0.0 
+  0.9 
+25.8 


+  2.0 
--32.3 
--15. 4 
--17. 4 
--  6.8 
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Table  of  heavy  rainfalia  in  excess  of  1  inch,  etc.— Contiaued. 


Rainfall  in  inehoa  at^  | 

Cincinnati  gauge. 

a. 

tt 

Year. 

1 

1 
1 

i 

1                  ^'''«- 

It 
.11 

Date. 

.il 

Fall,—; 
rise,  +. 

0 

_^ 

s 

£ 

» 

« 

1880. 

^ 

Apr. 

4 

1.77 

Apr. 

4 

2.-..  3 

Apr.     6 

28.5 

+  3,2 

Apr. 
Apr. 
Apr. 

If] 

]."03 

15 

17.0 

Apr.  17 
Apr.  2» 

19,2 

+  2.2 

+31.7 

24 

i?!' 

"i'2iV 

::::::i  Xp. 

24 

13.7 

46.4 

ftl) 

2!l5" 

Lfli) 

"i"26" 

'May" 

'31V 

"'iVs' 

'May  "si" 

"ii.'i' 

""""+"  i.'fl 

10 

1.40 

•J 

10.  .1 

Juno  11 

10.8 

+  0.3 

Juni: 

15 

2.43 

"i.'is)' 

,1mm 

14 

10.7 

Juno  IK 

18.8 

June 

2K 

1.27 

.Tune 

2ft 

12.  R 

June  30 

11. 1 

—  1.6 

July 

11 

"2."i^'- 

July 

10 

11. 0 

July    12 

11.9 

+  0,9 

July 
Aug. 
Aug. 

20 

i.fiiV 

July 
Aug. 

Auff. 

2(1 

<l  ft 

July   22 
Aug.     « 
Aug.  24 

7,7 

—  1  9 

4 

1.14 

3 

n.4 

5^9 

—  0,5 

20 

"X70" 



1.05 

\.m 

20 

8.!) 

13.7 

+  4.8 

Sept. 

2« 

1.10 

Supt 

27 

4.7 

Sept.  30 

4.1 

—  0.6 

Oi'l. 

III 

"i."27" 

(>et. 

l."> 

4.4 

Oct.    18 

n.i 

+  0.7 
--  2.2 

Nov. 

7 

1.13 

"i.70' 

Nov. 

14.3 

Nov.     8 

16.5 

Dec. 

5 

3.11 

2.20 

"t'vs 

Diic. 

5 

30.2 

Dec.     8 

37.0 

+  0.8 

Jar.    '21 

1.10 

.Ian. 

20 

20..'-. 

Jan.    24 

;k.  « 

J 

■15.3 

Feb. 

1 

]..->0 

"i.'oi" 

.Ian. 

.11 

10.3 

Feb,     1 

19.7 

-  3.4 

Fi-b. 

i.;{2 

Feb. 

7 

10.2 

Feb.   10 

34.8 

-16,6 

Ft'h. 

1.0!)  

1  Fl.I). 

21.  S 

Feb.   If! 

:iO.G 

-28,7 

Feb. 

2>< 

.9.-.  I 

j  MHr. 

20. 11 

Mar.     7 

29.4 

-8.5 

May 

n 

1. 11     May 

17.  H 

May   10 

2.J.0 

H 

■7.2 

Mfty 

].=; 

'l.'2i"!;'"" 

1  May 

14 

10.3 

May    18 

14.3 

—  5.0 

H 
14 

m 

^■'"1 

1,1")  1  .Iiiiio 

" 

'■» 

1. 21 

:::::::::::: 

1.78 

".iumri.5" 

;';■.". 

.""'"";■  "27.T 

l.SNI 
l.lli 

1.7.5 

'..".". 

J  urn; 

__!:.: 

".hmo 

1!) 

si.  3 

Ju'n'o'iJiV   i7.7" 

"'"— 2,"6 

June 

:(ii 

1.0(1    1 

June 

:«) 

12.4 

July     1     11.3 

—  1,2 

.Inly 

]:i 

j  1.21  1 

Jiilv 

la 

(I.  (1 

July    1!»      fi.« 

1-0,8 

.7u)y 

14 

! '  2.II.-.  ! 1  .Inly 

14 

.lulv    10      O.Jf 

■  1.0 

.hTlV 

l."l  ! 1 1 :  J'ily 

ir. 

July    11)      O.S 

-  0.9 

Julv 

17 

: .w;  Ji.li- 

17 

JiilV    11)      (!.s 

■  0.8 

.luly 

1!) 

- 1- !- ' 1  .luly 

111 

fi.  S 

JiiiV  2.-.     7.:t 

■  0.5 

.Ti>rv 

21 

1-^1  1 -1 j  -Inly 

r,..-. 

July   iV      7.3 

■  0.8 

-IlllV 

■■ '  1..H.    .Inly 

July    2iii     7.0 

-  1.2 

.tiiU- 

;{() 

1- --J  Jnlv 

July   ;iii     10.  H 

■  1.5 

Aut:. 

:  l.:t2    --- 1  Aii^'. 

Aug.  1)1  r...-. 

0.0 

lh:l. 

1  2.7«  ! :  n.;t. 

1  1  4:1 

01.      3  1     7. 11 

+  2,9 

(ha. 

a 

l.:i  1  1.47    (lot. 

2       4.  N  1  Cx-t.      fi       3.  .S 

-1,0 

Nov. 

lit 

I.fi7  i  1.S5    I.rj7  ;  Nov. 

IS     11. «     X.iv.  21  :  2'i.« 

+15,0 

Doc. 

1.T 

,- ! 1  l.s:i     D,.,r. 

12     12.2  :  IJi.L'.    IS    ;w.7 

+21.5 

D,'e. 

u 

1.0!)  \  1.21)  i '■ 

Dei-. 

1.-. 

' ,  2.2U  ■ '  Dee. 

"ir.';"J7'is"]'i>i*<'."i«''".i3'7" 

'"'■+)5,'b 

Dfi'. 

21 

l.tM)  ; 1 IV.'. 

20    ;tl..">  1  Ik'c.   2:t  1  .111.7 

I  5.2 

De.-. 

1  1.14  1 Di'c. 

21    ;t2.7  j  Dec  S(    ;w.7 

+  4.0 

IS.-* 

1         ! 

Jan. 

1.01  ! \ ■ .liin. 

(1     2<i.7  1  Jan.    10  ,  T,S> 

+10.8 

J<m. 

' ,  l-O-*     Jan. 

11      40.H  1  Jan.    If.     \*.:-, 

+  7.7 
4-  B.3 

Jan. 

I.IH!  , 1 ' '  .Un. 

12     42.2  j  Jan.    1'i  \  A^.U 

Jan. 

1.":!     '  l.'iii  ' Ian. 

2ii     42.  ;t     Jan.    :n  ■  47. 7 

+  .^4 

+  4.4 

y\-h. 

i:t 
201 

1.22  ,_ ;  1.20 J'oli. 

]:t  ;  4-l.ft  1  Fob.   17  1  4'J.O 

Feb. 

1. 52 , 

l.-'J 

i.JO 

I'ub. 

10 

02.9 

Feb.  21 

i>8,6 

-5.7 
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Table  op  hel,\vy  rainfalls  in  excess  of  1  inch,  etc.— Continued. 


Year. 


Rainfall  In  inches  at— 

• 

V 

^^            w 

1       • 

to 

08       1       3 

OS 

h 

C      !       c 

.2 

•« 

s 

*« 

^ 

m^ 

14 

■•-» 

d 

*- 

S 

Cincinnati  jrauge. 


Date. 


bo 
5  If 


Date. 


0 

&.S  i  Fall,  — ; 


rise,   I  . 


1882. 
Feb.  21 
Mar.  16 
Mar.  21 
Apr.  23 
Apr.  27 
May  5 
May  () 
May  1.3 
May  28 
Juno  1 
Juno  12 
Juno  14 
June  17 
June  2(i 
June  28 
July  1 1 
July  17 
July  18 
Au(f.  1 
Au>f.  24 
Auff.  27 
Aujf.  28 
Sept.  14 
Oct.  « 
CX-t.  2J) 
Dec.       0 

188.3. 
Feb.  4 
Feb.  7 
Feb.  11 
PVb.  15 
Feb. 
Mar. 
May 
May 
May 
May 
Juno 
June 
July 
July 
A«^'. 
Sept. 
Oct. 
Oct. 
Oct. 
Oct. 
Nov. 
Dec. 

1884. 
Jan.       9 
Feb.       5 
Feb.       6 
Feb.       7 


1.78     1.43 


2.43  I  2.01 


1.25 
1.40 


1.01 
1.17 


2.4' 


0.9* 
1.73 
1.12 
1.18 
1.26 
O.m) 


z 


1.45 


1.14 
J.  55 


0.82  I 

I  2.26 


l.«5 
1.00 
1 .  30 


1.45 

1.20 

1.44  !  1.20 


1.44 


Mar. 
Mar. 
Apr. 
Apr. 
May 


16 
20 
22  , 

27  ! 

5  1 


30. 7 
28.3 
13.2  I 
17.5  I 
10.6 


Mar. 
Mar. 
Apr. 
Ai)r.  30 


21 
24 
27 


3y.6 
46.9 
17.5 
24.2 


1.19 


I.IH  ■'■ 

1.27    

1.00  L-. 

i.a"» ; i... 

1.01  1 

1.10  


1.04  ' 
1.80V 


1.04 


0.91 


25 

30 

15 

21 
•>•> 

11 

19 

7 

24 
29 

:jo 

o 
29 
.30 
22 
24 


1.40  .  1.30 
.3.11      1.29 

1.95    

!  O.IW 

i  l.()9  ' 

1.73  ' 


I" 


1.07  ,  l,'M 

1.07  ; 

1..52    

'  1.11 


l.:{0 
l.a") 


1 .  50 
1.50 


1..34 


1.20 
0.  92 


■  1.40 

■  0.95    .. 


1.08  I. 
1.6(i  ' 


1.50 
1.95 
4.06 
1..55 


1.23 
I.IS 
1.44  i 
2.11  ' 


2.60 


1.48 
1.6.3 


i.:r> 


I  1.4 


1.39   . 
2.50  i 

a  87 1 


May 

May 

May 

J  unc 

Juno 

.Tunc 

June 

Juno 

July 

JulV 

July 

July 

Au«»". 

Au;r. 

Au«r. 

Sept. 

Oct. 

Oct. 

Dec. 

F(jb. 
Fob. 
Fob. 
Fob. 
F.-b. 
Mar. 
May 
Mai- 
May 
May 
.lum- 
.IniK* 
.lulv 
July 
Au;jr. 
S«-].t. 
Oi't. 
Oct. 

()<*t. 

Oct. 

NnV. 

J).M-. 


1.34 


;  1.95  I  Jan. 

..  l.(r>    bVh. 

I J  J.07  i  Fob. 

L /. /Fob. 


13 
27 
31 
12 
13 
17 
27  i 
27  ! 
10  I 
17  I 

18  ; 

2.3 
26  I 
28 
12 
() 
29 

3  ! 

6  ' 
10 
14 
25 
29 
15 
2(»  , 

•)•! 

oy 

11 
IS 

7 
21 
29 
29 

1 

5 
2S 
29 
21 
23 

9 
4 
5 

7  / 


.36.  8 
31.9 
31.8 
20.0 
18.4 
31.3 
17.9 
17.9  ' 

19.0  I 

18.1  ! 
16.8  ! 

9.3  ! 

H.S  ■ 

S.9  • 

9.1 
II. 8 
13.1   , 

H.  1  i 

27.  2  I 

29.4  ; 

55.5  ; 
(J4.  9 
12.  7 
Hi.!> 

1 2.  5 

13.  I 
17.  X 
2().  5 

is.s 

2.3. 4 
13.  1 

12.4  I 
"»  •>  ' 

^^^\ 
y\.  2  , 

5.  7  ! 

-   «  ' 
•'•      i 
10.0 

12.4 

11.2    : 

I 

I 

23.  ><  ! 

.■>o.  2 
."■  'J  .- 

01.8 


! 


May 

^lay 

Juno 

Juno 

June 

.Tune 

Juno 

Juno 

July 

July 

July 

July 

Aujr. 

AuiT. 

Auj,^ 

Soi)t. 

So])t. 

Oct. 

Nov. 

Doo. 

Fob. 
Fo]». 
Feb. 
Fc]>. 
Mar. 
A])r. 
May 
May 
May 
May 

• 

.lUTlO 

July 

.July 

Aiiu". 

Oct. 

Oct. 

Oct. 

Nov. 

Nov. 

Nov. 

Uco. 

.Tan . 
Fol). 
Fob. 
Fob. 


10 

16 
o 

»> 

15 
15 
20  : 
29  I 

13  ! 

*"* 

»)0     j 

*«tarf      I 

2 

24 
31 

4 
15 
10 

3 
10 


r    I 
;) 

10 

15 

15 

1 

3 
IS 

24 
21  ! 

30  , 
15  '■■ 
20  i 

10  \ 
26  ' 
•il   ' 

2  . 

11  ! 
1 
1 

23 

2S 


30.  7 
46.4 
39. 6 
.39. 6 
.35. 0 
3.5.0 
21.8 
20.0 
25.0 
20.8 
12.  K 
12.8  '•■ 
19.0  i 

9.7  ' 
11.6  i 
1.').  8  ! 
IX.  8  ' 
10.0 

7.6 
12.0 

32. 0 

58.  S 
66.  3 
66.  3 
2S. « 
43.  .3 
11.5 
2.3.  9 
23.  9 
27.  3 
19.4 
23.  s  1 

11.4  ' 
10.  r, 

!.!> 

n.  •> 

5.  9 

11. 5 

IS.2 

IS.  2 
»>i  .> 

49.  5 


17     23.8 


-  8.0 
-18.6 
4.3 
+  6.7 


+11.1 

+  0.6 
+  7.7 
+  7.8 
+1.5.0 
+16.6 

—  0. 5 
+  2.1 
+  7.1 
+  1.8 

—  5. 7 

—  4.0 
+  9.7 
+  0.  9 
+  2.7 
+  6.7 
+  7.0 

—  3. 1 
+  1.0 
+  3.9 

+  4.8 
+29. 4 
+  7.5 

+  1.4 
—13.9 
-!  26.  4 

—  1.0 
+10.  S 
+  6.1 
+  0.  S 
+  0.6 
+  0.4 

—  1.7 

—  1.9 

—  0.  3 
+  l.ti 

—  0.  3 
+  6.1 
—12.4 
--  S.2 
--  8.x 
--38.3 

+  0.0 
+13.8 
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Table  of  heavy  rainfalls  in  excess  of  1  inch,  etc.— Contlaued. 


.. 

Rainfall  in  inchea  at- 

Cincinnati  gauge. 

Yd 

1 
1 

1 

1 

i 

i 

t 

Date. 

a. 

Date. 

a. 

If 

SS'^' 

188 

i. 
20 
2 
14 
2S 
29 

n 

25 

2ft 
13 
5. 

6 
16 
17 
18 
23 
21 
22 
25 

3 

23 
9 
4 

13 
6. 
4 
9 

16 

31 

1.13 

Feb.    20 

^,  ,', 

June  28 
July   28 
Aug.  17 
Sept.  25 
Sept.  28 
Dec.    12 

Jan.     5 
Jan.    15 

58.4 
30.6 
19.8 
7.9 
5.0 
5.8 
2.8 
3.3 
7.6 

10.8 
25.0 

Feb.   25 
Apr.     6 
May    15 
July     2 
Aug.    6 
Aug.  23 
Sci)t.  30 
Oct.      1 
Dec.   15 

Jan.     7 
Jan.    20 

40.2 
31.8 

22.4 
14.8 

■e 

3.8 
3.9 

16.2 

25.3 

46.0 

—18.2 

Apr. 
Miy 
Juno 
July 
Aug. 
Sept. 
Sept. 
Dec. 

188 
Jan. 
Jan. 
Jan. 
Apr. 
May 

1. 01 
2.04 
1.23 

+  1.2 

-6.9 

1.02 
l.M 

—  0.3 

1.31 

"i.'sr' 
'i.'aft" 

0.75 

--  1.0 

1.01 

--  0.6 

"i."65" 

1.50 
2.23 

i-'oi' 

+  5.5 
-i-21.0 

1.83 

"i.'so" 

:::::. 

Apr.  17 
May    24 
Juno  -iSS 
Juno  21 
Julv    24 
Aug.    2 

Aug.  23 
Sept.    8 
Oct.     4 
Oct.    12 

Jan.     3 
Jan.     » 
Jan.    ].-> 
Mar.  30 
Apr.     5 
May    12 
May    25 
May   31 

27.6 
10.7 
10.2 
9.9 

6.8 
8.8 
10.0 
12.2 

10.2 
6.1 
3.9 

14.2 

39.1 
17.8 
.39.3 
53.8 
32.0 
16.8 
12.8 

Apr.  21 
May    28 
Juno  28 
June  28 
Julv   27 
Aug.  10 
Aug.  10 

Sept.  12 
Oct.     ft 
Oct.    20 

Jan.      9 
Jan.    14 
Jan.    24 
Apr.     6 
Apr.     9 
Mav    16 
May    28 
Jun'o    4 
June  15 
June  20 
June  24 
July    14 
July   31 
Aug.    4 
Aug.  17 
Aug.  18 
Aug.  31 
Sept.   ;i 
Sept.  21 
Sept.  29 
Nov.  IS 
Kov.  24 

Jan.    30 

36.8 
lfi.5 
12.7 
12.7 
7.1 
Kt.2 
16.2 
10.1 
9.9 
4.4 
17.0 

39.1 
20.8 
29.1 
54.2 
55.8 
36.8 
15.9 
1.^.4 

1.^6 

20. 5 
13.0 
8.4 
10.8 
13.2 
13.0 

616 
.5.0 
6.7 
11.2 

29.7 

43.0 

: 

-  0.2 
■  5.8 

'2."82" 
1.04 

1.20 

1.70 
1.22 
1.21 
1.29 
1.31 

■  2.5 

June 
July 
Aug. 
Aug. 
Aug. 
Sept. 
Oct. 
Oct. 

188 
Jan. 
.Tan. 
Jan. 
Mar. 
Apr. 
May 
Mav 
May 

"5."26" 

1.41 

-  2.8 
-0.3 
■  7.4 
-5.6 
-  2.1 

1.31 

"0.'57" 
1.07 

i.'io' 

1.08 

'2.'63' 

2.a> 

1.36 

1. 00 

Lio" 

2.10 

0.96 

"i.'so" 
2.35' 

—  0.3 

—  0.7 

+13.1 

+34.0 
-18.3 
+11. 3 
TU.9 
+  2.0 

13 
2.-> 

:(] 

1.10 

2.23 
1.02 
1.75 

0.02 

: 

M.8 

-0.9 

1-  2.6 
f-  2.5 

23 
14 

1.10  1  Jun«  22  1  19.8 
1..53  1  July    12     12.5 
2.10  1  Julv   27  !    9.6 

-  0.7 

July 
July 
July 
Aug. 
Aug. 
Aug. 
Aug. 
Sept. 
Sept. 

"i."4H" 

1-0.5 
-1.2 

31 
15 
1- 
28 
30 

n 

28 
13 
_^18 

20 

2 

3 
11 
18 
2$l 

i.'ii" 

3.19 
1.13 

a; 



1.3J 
0.91 
1.00 
1.03 

Julv  :io 

Aug.  14 
Aug.  16 
Aug.  28 
Aug.  .■«! 
Sept.  Hi 
Sept.  27 

7.3 
4.3 

r..8 

-.  2.4 
--5.8 
+  5.8 
- 1.1 
—  0.7 
+  0.7 

+  0.9 
+  7.2 
+22.9 

+  7.0 

Nov. 

188 
Jan. 

1  0.!fl 

1.10 
1.20 
1.40 

Nov.  17  ,    6.8 
Jan.    28  [36.0 

f'oh. 

:  1.03 

Feb.     2    42.7 

1.03  1  Feb.   11     44.3 

1  Feb.  17     48.0 

Feb.  25    44.0 

Feb.     5 
Fob.    16 
Feb.    19 
Feb.    28 

56.2 
48.4 
49.3 
53.  G 

-13.5 

Feb. 

■::::: 

1.17 

i.'io' 

-.1.3 
-^9.6 
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Table  of  heavy  rainfalls  in  excess  of  I  inch,  etc.— Continued. 


Year. 


1887. 

Apr.  18 

Apr.  22 

Apr.  23 

April  29 

June  1 

July  10 

July  21 

Aug.  1 

Aug.  5 

1888. 

Jan.  1 

Jan.  7 

Mar.  21 

Apr.  10 

May  9 

Juno  28 

July  8 

July  9 

July  10 

July  17 

July  21 

Aug.  17 

Aug.  19 

Aug.  21 

Aug.  22 

Aug.  28 

Sept.  8 

Sept.  16 

Oct.  3 

Oct.  9 

Nov.  3 


Rainfall  in  inches  at — 


e3 
C 

a 


45 


eS 

V 

.•-4 

as 


Cincinnati  guage. 


.t;     i 

a*    I 


Date. 


1.50 


0.98 


0.94 
1.04 
i."26 


l.fil 
1.04 


1.22 


L(U 

1.44     1.27 


1.08 
1.14 


L29 


2.00 
1.36 


1.06 
L98 
L06 


0.98 


1.00 
1.08 
1.28 


1.00 
1.10 
2.25 
5.35 


2.03 
1.90 
2.22 
2.00 
1.70 
1.80 


1.10 


1.05 


1.62 
3.84 
1.00 


1.20 


.86 
.70 


1.66 


o 

be 

bo 

r-« 

fee 

*4 

• 

n-» 

9^ 

^ 

'        « 

J  'n        Date. 


0 

1     ttO 

OS 

3= 

be 

1 

'O 

1  s 

•   > 

oU 

p 

Fall,  — ; 
rise,  -|-. 


Apr. 

Apr. 

Apr. 

Apr. 

May 

July 

July 

Aug. 

Aug. 


17  11.8  i  Apr.  19 
20  :  21.7  Apr.  25 
22  :  28.9  1  Apr.   25 


29 
31 
10 
21 
1 

'O 


38.0 
9.8 


Apr.  31 
Juno     6 


1.42     Dec.    31 


Jan.  5 

Mar.  20 

Apr.  9 

May  9 

June  27 

July  8 


5. 3  July  15 

4.6  Julv  24 

5.8  Aug.  24 

6.0  Aug.  10 

7. 1  Jan.  2 

8.8  Jan.  13 
17.1  Mar.  25 
22.3  Apr.  12 

9.9  May  13 
6.5  Juno  30 
9.1  July  15 


49. 5 
49. 5 

:i\  2 

17.8 
6.8 
4.7 
6.0 
5.9 

13.8 
34.4 
23.0 

:«.o 

10.3 

8.1 

31.5 


July  15 
July  21 
Aug.  16 
Aug.  18 
Aug.  21 
Aug.  22 
Aug.  27 
Sept.  7 
Sept.  15 
Oct.  3 
Oct.  8 
Nov.     2 


31.5 

14.4 

6.3 

6.1 

6.6 

16.8 

31. 6 

13.  2 

20. 5 

7.6 

7.2 

26.3 


July  20 
July  26 
Aug.  19 
Aug.  21 
Aug.  22 
Aug.  26 
Aug.  31 
Sept.  12 
Sept.  18 
Oct.  9 
Oct.  14 
Nov.     6 


16.9 

11.3 

7.4 

6.6 

16.8 

32.0 

16.8 

19.4 

15.1 

7.9 

12.6 


+10.4 
4-27.8 
+20.6 

—  2.8 
+  8.0 
+  1.5 
+  0.1 
+  0.2 

—  0.1 


■  6.7 
■25.6 
-  5.9 
-10.7 

■  0.4 

■  1.6 
■22. 4 


—14.6 
+  3.1 

—  1.1 
+  0.5 
+10.2 
+15. 2 
—14.8 
+  6.2 

—  5.4 
+  0.3 
+  5.4 

—  3.1 


In  the  following  table  are  given  the  changes  in  the  stage  of  the  river  at  Cin- 
cinnati, arranged  according  to  the  magnitude  of  the  rainfall  at  any  of  the 
places,  Cincinnati,  Columbus,  Marietta,  or  Pittsburg. 

Where  the  sign  is  minus  ( — ),  it  indicates  a  fall  of  the  river. 

It  will  be  seen  from  this  table  that  the  rainfall  at  so  few  places  can  be  of  little 
value,  unless  taken  in  connection  with  other  things),  in  giving  any  idea  of  what 
the  subsequent  rise  in  the  river  is  going  to  be.  There  are  cases  where  the  river 
rises  associated  with  rainfalls  between  1  inch  and  1.5  inches  are  22.9,  27.8,  25.(;. 
27.2,  and  24,9  feet,  while  there  are  other  cases  where  there  are  falls  in  the  river 
of  18.2, 18.3, 13.9  feet,  etc.,  associated  with  equally  large  rainfalls.  In  the  W\v^.  » 
cascsi  where  there  ai'c  rainfalls  between  2.5  and  3  inches  the  rise  varies  from  3.1 
to  38.3  feet.  For  the  two  cases  oC  rainfall  between  3  and  3.5  inches  the  rises  ai'o 
2.4  and  29.4  feet.  For  the  two  rainfalls  over  5  inches  the  rises  are  7.4  and  22.4 
feet. 

This  is  of  course  due  to  the  fact  that  all  consideration  of  the  area  over  which 
the  rainfall  has  occurred  is  left  out  of  accuimt.  It  depends  to  some  extent  on  the 
stage  of  the  water,  a  small  rise  at  a  high  stago  corresponding  to  a  greater  riso 
at  a  low  stage.  It  would  seem  to  indicate  that  an  excessive  rainfall  at  a  place,  1 .5 
to  2  inches,  does  not  usually  extend  over  a  wide  area :  otherwise  it  would  bo 
certain  to  cause  greater  rises  in  the  riYGv  than  arc  found  to  occur.    l\i  ia  v^*o\Mr 
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«,B 

?,  1 

,.| 

fi  ~, 

no 

I4.0j— 1.3     1.1,— 2.0,     0.0:— O-s'— 0.9 

^A 

lt.l 

10.4] 

H.f 

2.1 

32.3;  17.4     ((.8     0.3— 1.5'— 0.. 5 

-0.( 

0.: 

15.3 

x^ 

«.l 

«.5 

7.1 

-5.0  27,2-2.c!-1.2l    0.8|    O.f 

OJ 

10.  J 

7.7 

«.: 

4.^ 

«.o 

4,; 

fl,7 

10.0  15.  ( 

16.«!-fl..'i     7.1'    1.* 

4  1 

0.1 

2.7 

:i  ] 

1.0 

H  1 

4  f 

13.  !l     l.< 

laSi    6.1     0.6|    1.7 
2.8     0.3'— "1-0.3 

i.f 

i.'i.  f 

1K.L 

1.2[ 

7.5 

I).;- 

0.«i    O.t 

24.1 

-!«.; 

11.3 

14.! 

-fl,( 

0.7 

5,f 

0.7     0.0'    7.2  22.  f 

7  f 

15.? 

15.2 

15.2 

1.3l 

11.4;27.f 

20.  e— 0. 2 

10.7 

-14.  tt 

0.3 

-5.4- 

-3.1 

i 

1 1 1 

[l,s  w  2  inpiiw.1 


-0.6 

7.0 
— fi.7 

1.1   7.1      0.5 

0.9  J.2— l.d 
r5  3B.4     O.e 
11.2  1.5-3.1 

0.2 

15.0 

-0.3 

1.1 

If 

0.0 

0.9 

r,.4 

1.0 

-5.4 

2.2 
5.5 

15.4 
5.7 
6.2 

3.2 
11. 1 

5.8 

o.f 

-1.9 

7.81 
2.f 

2.2 
9.7 
3.4 

I.1U0.; 


-2.2 

1.1 

38.3 

6.7 

17.6 

[SlolBlncliai.] 

>0.4 

2.4 

.8 

[>.6toiinclMi 

1 

0.1 

4.8 

[ItoSlsebM 

1 

29.9 

12.4 

[B+lncbN.! 

7.4 

22.4 

*  . 
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The  following  table  contains  the  river  rises  associs'.ted  with  rainfalls  of  over  I 
Inch  occurring  at  more  than  two  of  the  above  places : 

River  Rises  at  Cincinnati. 


Date. 

Rise. 

Date. 

Rise. 

June    7  to  15.  1881  

Fed, 
27.2 
15.0 
*5.7 
18.6 
10.9 
29.4 
10.8 
38.3 

tl7.6 

Jan.  15  to  20,  1885 

Feet, 
21.0 

Nov.  18  to  24.  1881 

Auff.   2  to  10,  1885 

7.4 

Feb.  19  to  21.  1882 

Sept.   8  to  12,  1885 

JO.  3 

4.8 

Mar.  20  to  34,  1882 

Mav  12  to  IH,  1886 

Mav    5  to  19.  1882 

Dec.  31  to  Jan.  1,1888 

Jan.     5  to  13,  1888 

6.7 

Feb.    6  to  10,  1883 

25.6 

Mav  20  to  24.  lvS83 

Julv     8  to  15,  1888 

22.4 

Dec.  23  to  28,  1883 

Auer.  16  to  19,  1888 

1.1 

Feb.    6  to  14,  1884 

•  52. 9  to  58. 6.  t  53. 5  to  71. 1.  t  Fall. 

Nothing^  very  definite  can  bo  inferred  from  those  figures.  In  general  it  can  be 
Bald  that  a  rainfall  of  more  than  1  inch  in  twenty-four  houi-s  at  three  or  more 
widely  separated  stations  will  cause  a  rise  in  the  river  at  Cincinnati  of  about  16 
feet  on  the  average  in  the  five  days  following  for  medium  stages  of  water. 

When  there  is  a  rise  at  Cincinnati  associated  with  a  rise  at  Marietta  and  an 
extensive  rainstorm  of  this  sort  covers  the  valley  Ix^low  Marietta,  the  water  stage 
at  Cincinnati  will  be  mgro  likely  to  attain  one  of  its  maximum  stages  than  other- 
wise. 

There  are  two  notably  heavy  and  widely  extended  rainstorms  which  caused 
largo  rises  in  the  Ohio  River  at  Cincinnati,  that  of  September  12  to  14,  1878,  and 
May31  to  June  1,  1889. 

liainfall  Sqjicinljtr  12,  13,  and  U,  1878, 

Cincinnati 0.64 

Marietta - 6.28 

Pittsburg - 4.48 

Cleveland 4.83 

Erie 2.52 

Hutfalo - - - 2.05 

The  river  rise  at  Cincinnati  was  29.9  feet.  September  12,  5.4  feet;  September 
16,  35.3  feet. 

RainfaU,  Mmj  SO  to  June  i,  18S0, 

Cincinnati - 0. 10 

Marietta 1.49 

Columbus - 0.76 

Erie 0.72 

Pittsburg -- 1.44 

Cleveland 2.34 

Buffalo 1.93 

The  densest  part  of  this  rainfall  of  June,  1SS9,  was  in  the  mountainous  part  of 
the  drainage  area  of  the  Ohio  River  basin  alx)ve  I'ittsburg,  where  tlie  rainfall 
was  in  some  places  as  high  as  6  intihos  (sec  Weather  Review  for  May.  1889).  The 
rise  of  the  river  at  Cincinnati  May  29  from  12.3  to  June  6,  33.t),  was*21.3  feet.  At 
Parkersburg  May  30  from  6.5  to  June  3,  23.8  the  rise  was  17.3 ;  at  Pittsburg  May 
31  from  4.3  to  June  2,  21.8,  the  rise  was  17.5  feet. 

The  extent  to  which  heavy  rainfall  at  Cincinnati  influences  the  stti;,^e  of  water 
in  the  river  is  shown  by  the  following  list  of  rises  which  have  occurred  in  a  single 
di^and  the  accompanying  rainfalls. 

The  table  shows  that  the  steepest  rises  are  not  associated  with  heavy  local 
rainfall.  For  instance,  the  rainfall  of  SeT)temlx>r  14,  1S78,  was  only  0.64  inch  at 
Cincinnati,  while  the  river  ros«j  in  a  single  day  22.3  feet,  the  greatest  daily  rise 
ever  known.    This  rise  was  undoubtedly  caused  by  the  heavy  rainfalls  t\Skrl\i<&t 
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Date. 

Gauge 

reading, 

Cincinnati. 

Rise  in 

twenty-tour 

hours. 

RAatall  at 

Cincinnati. 

Indies. 

11.8 

29.  e 

8.9 
22.6 

5.3 
37.5 
11.2 
22.5 
35.6 
53.5 
40.8 

7.6 
25.0 
34.4 
14.2 

6.7 
18.0 
23.5 
28.9 
15.3 

9.3 

6.6 

17.8 
7.1 

13.7 
7.6 

22.2 
7.7 

11.2 

13.1 
8.1 
6.7 
6.8 
5.6 
9.4 
6.7 
6.4 
4.5 
5.6 
6.2 

16.6 
5.0 
5.0 

10.2 

0.4 

a6 

3.7 

0.8 

0.7 

Tlic  lol  loving  table  contains  a  list  of  oxce^ive  rainfalls  at  Cincinnati  amounting 
to  2.5  Inches  or  more  occurring  in  twenty-Four  hours,  and  the  asaociated  changes 
in  the  river.  Camp  Dennison,  College  Hill,  and  Mount  Auburn  are  places  near 
Cincinnati.  As  a  rule  a  fall  of  2.5  inches  of  rain  at  Cincinnati  causesarise  in  the 
river  of  8  feet  within  two  days. 

Excessive  Rainfalls  at  Cincinnati  and  Accompanying  River  Rises. 


Rainfaii  in  twenty- 
four  hours. 

Gauge  readings. 

.a 

f 

g  s 

Date. 

s 

Date. 

Feet. 

Date. 

Feet. 

3 

Camp     Dennison 

Sept.  3, 4,  '64  . 

4.80 

Sept.  3 

11.8 

Sept.  5 

18.3 

+  6.8 

nati). 

2.50 

Dec.  31 

10.8 

Jan.    1 

ifl  a 

+  6.0 
--  7.6 

Dec.  12.1.1, 13. 

2."> 

Dec.  13 

2K.H 

Dec.  14 

;w.4 

Feb.21,'74.... 

2.73 

Feb.  21 

:«),i 

Feb.  23 

;«.H 

--8.7 
+  6.4 

College  Hill  (near 
Cincinnati). 

Juno  21, '75--. 

3.00 

June  20 

10.8 

June  22 

17.2 

Julv22, '7.i-.. 

2.50 

July  21 

24.8 

July  23 

.12.  S 

+  8.0 
-■  0.6 

Cincinnati 

Jan.  n,  18.  n(l- 

2.117 

Jan.  18 

19.9 

Jan.  19 

Oct.22,23. '76. 

2.ft+ 

Oct.  22 

7.2 

Oct.  24 

12,5 

-  -  5. 3 

July2. '7«.-.. 

2.50 

July    2 

12,4 

July    4 

n.K 

—  0.6 

12.9 

--  1.2 

College  Hill 

May2fi.  ■7!)... 

3, 00  :  Mav  3! 

12.9 

May  27 

14.1 

Mount       Auburn 

12.9    May  27 

(near  Clncin- 

naU). 
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Excessive  Rainfall  at  Cincinnati,  etc.— Continued. 


Raintall  in  twenty- 
four  hours . 

Gauge  readings. 

.9 

« 

t% 

Date. 

% 

Date. 

Feet. 

Date. 

Feet. 

g 

College  HUl 

Aug.  15, 'TO-.. 

3.00 

Aug.  15 

10.0 

Aug.  17 

12.4 

4-  2.4 

Aug.  24,25, 19. 

'/..fa 

«  r> 

Aug.  26 

IK.;'. 

T9.7 

Aug.  24,25, -79. 

Aug.  24 

«.  5 

Aug.2« 

4-9.7 

Mount  Auburn  ... 

May  10.  U.  -80. 

2.H2 

May  10 

16.9 

May  12 

15.1 

—  1.8 

Cincinnati 

May  11, '80... 

0.U 

May  10 

HI.  9 

May  12 

15.1 

—  1.8 

Junol4,I5,'80. 

3,  V>. 

June  13 

9.1 

June  10 

1H,0 

■  H.9 

Mount  Auburn  ... 

3.80 

College  Hill 

June  14, '80.. - 

3.(10 

June  13 

9.1 

June  IB 

1H.0 

-  «.« 

Mount  Auburn... 

Aug.  23. '80.. - 

?.  ft-> 

Aug.  22 

I?„H 

Aug.  24 

13,7 

.  o.» 

Cincinnati 

3.10 

Dee.    0 

College  HUl....:. 

Dec.  4, 5. '80.. 

3.  .Ml 

Dec.    4 

21.  K 

Dec.    5 

Jtt.V 

-14.1 

June  1,8. '81.. 

:*.  -M 

June   1 

7,8 

June   9 

10,7 

■  2.9 

Cincinnati 

Nov.  19 

Nov.  21 

College  HUl 

Jan.  4, '82.... 

2.50 

Jan.    4 

a'l.  1 

Jan.     0 

—  8.4 

CincinnaU 

Mar.19,20,'82. 

2.54 

Mar.  19 

2;-..S 

Mar.  21 

39. « 

■13.  H 

Oct.  28, 29, '83- 

3.0(i 

Oct.  28 

.1  H 

Nov.    1 

1«?. 

-12,4 

2.00 

I^c.  23 

11.2 

Dee.  25 

35.6 

-24.4 

Peb.  5,0, '84.. 

2,  frf) 

Feb.    5 

53. 5 

Feb.    7 

«1.8 

-  H.3 

Aug.  6, 7, '85.. 
Au|.l^,'86.-. 

2,  IW 

Aug.  (i 

10.8 

Aug.  10 

Hi.  2 

.  5.« 

Aug.  16 

Aug.  17 

13.2 

-  6.0 

Cincinnati 

Feb.  23. '87... 

2,il.S 

Feb.  24 

41.7 

Feb.  28 

.>!.« 

-12.9 

College  Hill 

Aug.2U,2I.'88. 

■A.  75 

Aug.  21 

K.II 

Aug.  20 

.(2. 0 

•25.4 

Sept.  15,I(),'88. 

3.75 

Sept.  14 

Sept.  15 

hO.8 

Rainfaixs  in  Twenty-four  Hours  at  Portsmouth,  Ohio. 


Date. 

Amount. 

Date. 

Amount. 

Date. 

Amount. 

/nches. 

Incha. 

A  up 

18,1832 

3.60 

July  27,  1837 

4.20 

.July  11 

IK43 

3.20 

12,1834 

3.20 

Sept.  8,  l&n 

3.30 

July  30 

TR43 

2.tiO 

Oct.   2H.  1837 

2.90 

3.20 

Sept.    8,  1839 

3.10 

Aug.    H 

^K*^ 

2.  GO 

26,1836 

2.90 

Apr.  29,  1840 

2.90 

Aug.    1 

1W5 

3.00 

June 

19,1837 

2.90 

June  20.  1840 

4.00 
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Tho  toUowin^  tabic  gives  the  dates  od  which  exceealve  rainfall  oocured  at  two 
or  more  BtationH  in  the  State  of  Ohio,  tho  moans  of  the  rainfalls,  and  the  change 

In  the  rlvor  at  Cincinnati: 


Excessive  rainfall 

ovei-  wide  area.l  R"'6r-gauge  reading  at  Cincin- 

Change 
in  river 

in  Uxt. 

Date. 

Inches. 

Sta- 
tione. 

Date. 

Poet. 

Date. 

Feet. 

Aug.  2, 1875 

3.2 

2 

Aug.    I 

37.0 

Aug.    B 

.55.3 

18.3 

June    6 

».l 

June  2(1.21. 1877... 

2 

13.0 

16. 7 

3.7 

Julyfll.l87B 

3.1 

2 

.Tuly  30 

fi.2 

Aug.    4 

14.0 

7.8 

Sept.  11.13, 1878.. - 

.■5.2 

2 

Sept.  13 

5.2 

3.5.9 

30.7 

Aug.  IH. 20. 1880... 

4.6 

Aug.  19 

7.0 

Aug.  24 

13.7 

8.7 

Nov.  18.1»,1881|... 

2.7 

2 

Nov.  18 

11.8 

Nov.  24 

26.8 

15.0 

Aug.  2.3.1885 

3.8 

3 

8.8 

16.2 

7.4 

Sept.  8, 1835 

.3.0 

4 

Sept.   8 

10.2 

Sept.  Ifi 

13.4 

6.2 

Aug.  IS,  1886 

2.8 

2 

Aug.  16 

7.2 

Aug.  17 

•  13.2 

6.0 

Sept.  23,  1886 

Jufy  8,1),  1888 

3.0 

3 

s4p"t.'2;t 

Jufy     8 

48 

Sept.  2!» 
July  15 

6.7 

l.H 

3.8 

5 

8.8 

31.5 

22.7 

Aug.  20.21. 1888... 

5 

Aug.  21 

Aug.  26 

32.0 

25.4 

This  table  shows  thatoB  a  rule  excessive  rainfall  of  2.r)lnche3ormoreintweDty- 
foui'  hours  occuri'ing  at  throe  stations  in  Ohio,  60  miles  or  more  apart,  will  be 
[ollowod  by  a  great  rise  in  the  river  at  Cincinnati  within  a  week. 

There  are  exceptions  to  the  rule,  tor  iDSt«nue,  the  rainfalls  of  September  23, 
ISSA,  arc  followed  by  a  rise  of  only  2teet.  It  must  be  in  this  case  that  the  heavy 
rainfalls  did  not  cover  the  country  between  the  stations. 

In  tho  following  tables  are  given  the  stages  during  tho  ]1rInt,'ipBl^'lve^  rises  at 
Cincinnati  since  1873,  and  those  corresponding  at  .Marietta,  Charleston,  and 
Louisa. 


Cincinnati. 

Marietta. 

'^h^j;'^;?t«''^|l^uisa,Ky. 

Date,     jstage 

Date,  'stage 

Date. 

Stage.;  Date. 

Stage. 

1873. 

May      3 

V.'f. 

;«i 

11.8 

28.8 

:t 

11.8 

3 

bUi'y     V 

38.0 

24.2 

0.-t.    27 

18.8 

24 

ir..  2 

Oft.    30    2a  0 

:rr 

14  8 

2J 

4.2 

Nov.     2  !  23. 0 

30 

18.2 

27 

4.8 

Dec.    12  1  28.8 

9 

13,0 

Dci>.    15  1  3;-..  7 

12 

■W  .-. 

Dee.    18     44.4 

1.-. 

;kh 

1.-. 

1874. 

.lun.     7     2(5.5 

3 

.Tan.    10     41.4 

6 

Hi..^ 

(I 

Jan.    13     46.8 

« 

37.8 

il 

1(1.3 

8,0 

.Tan.    24     :U.O 

21 

13  0 

21       9. 0 

Jan.    27     3.-J.9 

24 

23.5 

2-1       8.2 
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Cincinnati. 

Marietta. 

Charleston, 
W.Va. 

Louisa,  Ky. 

Date. 

Stage. 

Date. 

Stage. 

Date. 

Stage. 

Date. 

Stage. 

1873. 
Feb.   13 
Feb.   16 
Feb.    19 

16.3 
24.1 
31.9 

10 
13 
16 

6.2 

7.0 

22.0 

13 
16 

5.4 
10.0 

Feb.   20 
Feb.   23 
Feb.   26 

31.4 

38.8 
44.0 

18 
21 
24 

18.5 
11.0 
27.6 

21 
24 

5.9 
6.0 

Mar.  19 
Mar.  22 
Mar.  25 

16.3 
22.9 

28.8 

16 
19 
22 

8.2 

8.4 

17.8 

19 
22 

5.0 
11.3 

Apr.  27 
Apr.  30 
May     2 

31.9 
44.5 
46.0 

23 
26 
29 

19.2 
19.8 
25.6 

26 
29 

23.2 
15.8 

Dec.   28 
Dec.   31 

1875. 
Jan.     3 

16.1 
22.7 

33.2 

25 

28 

31 

8.5 
6.7 

25.5 

28 
31 

6.6 
9.8 

Feb.   24 
Feb.   27 
Mar.     2 

13.6 
28.1 
42.6 

21 
24 
27 

5.5 

7.8 
19.9 

24 

27 

4.9 
31.8 

Mar.  14 
Mar.  17 
Mar.  20 

32.9 
36.6 
41.5 

11 
14 
17 

11.8 
19.9 
29.1 

14 
17 

9.6 
11.2 

July    11 
July   14 
July    17 

14.6 
23.8 
36.6 

10 
13 
16 

4.4 

4.8 
5.1 

11 
14 

7.0 
20.0 

July    18 
July   21 
July    25 

Fall'g 
24.8 
37.8 

21 

6.7 

July    31 
Aug.    3 
Aug.    6 

34.8 
47.9 
55.3 

31 
3 

35."  i" 

31 
3 

9.3 
30.3 

Nov.  21 
Nov.  24 
Nov.  27 

14.8 
14.4 

29.8 

18 
21 
24 

9.7 

7.7 
11.0 

21 
24 

5.6 
10.2 

Dec.   24 
Dec.   27 
Dec.    30 

1876. 
Jan.    23 
Jan.    26 
Jan.    29 

11.6 
33.3 
47.7 

35.2 
44.8 
51.8 

21 
24 
27 

20 
23 
26 

5.5 
16.8 
33. 9 

17.9 
20.5 
21.7 

24 
27 

23 

26 

5.6 

8.8 

8.0 
11.8 

Feb.    10 
Feb.    13 
Feb.   16 

32.2 

38.8 
44.9 

10 
13 

12.3 
19.5 
31.2 

10 
13 

7.8 
10.4 

Mar.  15 
Mar.  18 
Mar.  21 

26.6 
28.2 
31.2 

12 
15 

18 

1 

15.9 
14.6 
18.0 

15 

18 

6.9 
9.5 

\ 
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CtooituwU. 

Marietta. 

Charleston, 
W.  Va. 

Louisa,  Ky. 

-^D^^       " 

Stage. 

Date,  'st^e- 

Date. 

Bta^ 

Date. 

Staffe, 

1876. 

Mar.  25 

25.8 

23 

11.2 

Mar.  28 

34.2 

26 

18.2 

36 

8.9 

Mar,  31 

40.3 

29 

22.8 

29 

11.0 

1877. 

Jan.    14 

32.4 

10 

Jan.    17 

48.5 

13 

8!8 

13 

13.0 

Jan.    20 

53.2 

16 

28.0 

33.3 

Mar.  11 

24.8 

7 

IS.  5 

Mot.  14 

38.3 

10 

22.0 

10 

7.5 

Mar.  17 

39.7 

13  j  25. 9 

13 

7.7 

Mar.  23 

28.8 

20  1  12. 0 

Mar.  -M 

30.4 

23 

10.8 

23 

7.4 

Mar.  29 

43.0 

26 

21.2 

26 

0.4 

Nov.  23 

8.5 

20 

5.8 

Nov.  2« 

8.B 

23 

5.8 

23 

3,3 

Nov.  29 

31.7 

26 

21.2 

20 

20.8 

1878. 

Jan.    12 

8.  ft 

10 

4.5 

Jan.    15 

26.8 

13 

14.2 

13 

14.3 

Jan.    18 

28.8 

16 

17.9 

18 

11.6 

Peb.   22 

22.4 

IB 

11.2 

Feb.  2u 

25.8 

22 

12.4 

22 

7.2 

Feb.   2B 

32.0 

25 

22.7 

25 

13.4 

Mar.  11 

22.7 

8 

12.9 

Mar.   14 

29.8 

11.2 

11 

7.0 

Mar.  17 

33.3 

14 

10. 0 

14 

16.0 

Apr.   27 

12.2 

2.^ 

8.0 

Apr.   30 

23.2 

28 

13.7 

28 

8.8 

May     3 

30.8 

1 

18.8 

1 

12.0 

Nov.  25 

10.8 

23 

11.2 

Nov.  28 

27.8 

28 

17.8 

26 

9.8 

Dec.     1 

38.0 

29 

26.2 

29 

21.1 

Dec.     3 

28.7 

7 

15.7 

Dae.    12 

29.8 

10 

14.5 

10 

Dec.    15 

41.3 

13 

32.1 

13 

14.8 

187B. 

Jan.    ir> 

24.0 

12 

7.3 

Jan.    18 

2«.r. 

ir. 

7.2 

]-. 

21.0 

Jan.    21 

33.3 

IH 

14.2 

IM 

13.2 

Jan.    27 

32.3 

24 

21.0 

Jan.    30 

33.2 

27 

17.5 

y.2 

Feb.     2 

40.2 

30 

28.2 

;-io 

13.0 

Mar.     !t 

29.2 

7 

20.7 

Mar.  12 

30.3 

10 

2.^.5 

10 

8.7 

Mar.  ir> 

38.0 

13 

29.7 

13 

8.6 

Mai'.  24 

30.3 

21 

13.3 

Mar.  27 

3(1.1 

24 

21.0 

24 

8.3 

Mar.  30 

...= 

20.5 

27 

7.8 
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Cincinnati. 

Marietta. 

Charleston, 
W.  Va. 

Louisa,  Ky. 

Date 

Stag^e. 

Date. 

Stage. 

Date. 

Stage. 

Date. 

Stage. 

1879. 

Dec.  21 

17.6 

18 

9.5 

Dec.  24 

22.1 

21 

7.0 

21 

6.0 

Dec.  27 

42.8 

24 

12.0 

24 

9.8 

1880. 

Jan.     3 

24.7 

31 

11.3 

Jan.     6 

38.3 

3 

26.1 

3 

5.7 

Jan.     9 

42.0 

6 

27.7 

6 

5.7 

Feb.  11 

14.0 

8 

7.0 

Feb.  14 

37.8 

11 

6.5 

11 

4.9 

Feb.  17 

53.2 

14 

25.2 

14 

26.2 

Mar.    5 

27.7 

2 

12.5 

Mar.    8 

34.3 

5 

15.5 

5 

5.8 

Mar.  11 

45.1 

8 

21.8 

8 

8.8 

Apr.  23 

14.7 

20 

6.4 

Apr.  26 

30.0 

23 

6.2 

23 

5.1 

Apr.  29 

45.4 

26 

18.5 

26 

19.8 

June  15 

16.7 

12 

4.1 

June  18 

18.8 

15 

.7.0 

15 

5.4 

June  21 

24.8 

18 

18.0 

18 

8.4 

Dec.     2 

10.5 

.     30 

3.8 

Dec.     5 

30.2 

2 

7.4 

2 

12.9 

Dec.     8 

37.0 

5 

20.5 

5 

7.4 

1881. 

Jan.    18 

23.3 

15 

11.0 

Jan.    21 

28.5 

18 

9.8 

18 

6.8 

Jan.    24 

35.8 

21 

14.  a 

21 

10.8 

Feb.   10 

34.8 

7 

6.2 

Feb.   11 

32.8 

Feb.   13 

43.3 

10 

20.5 

10 

6.3 

Feb.   16 

50.5 

13 

39.5 

13 

16.8 

Apr.  11 

35.6 

8 

8.0 

Apr.  14 

38.7 

11 

14.6 

11 

11.9 

Apr.  17 

42.6 

14 

24.0 

14 

14.0 

June    9 

10.7 

6 

5.6 

June  12 

17.9 

9 

11.0 

9 

5.7 

June  15 

35.0 

12 

34.6 

12 

5.1 

Dec.   12 

12.2 

9 

7.3 

Dec.   15  !  17.8 

12 

6.5 

12 

4.4 

Dec.    18  i  33.7 

15 

12.2 

15 

11.9 

Dec.    26  i  34.8 

23 

14.5 

Deo.    29  !  39.3 

26 

21.7 

2G 

8.7 

1882. 

Jan.      1 

41.1 

30 

26.3 

29 

14.0 

Jan.    10    37.6 

8 

13.8 

Jan.    13    46.8 

11 

21.5 

11 

13.1 

Jan.    16 

48.5 

14 

26.3 

14 

14.9 
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CiDclnD&U. 

MarieUu. 

CharleotoQ. 
W.  Va. 

Louisa,  Kj. 

Date. 

Sta^ 

Date, 

Stage- 

Dale. 

Stage 

Date. 

Stage. 

1882. 

Feb.    15 

42.2 

11 

21.5 

Feb.    18 

61.5 

14 

21.8 

14 

11.8 

Feb.    21 

58.6 

25.5 

17 

20.8 

Mar!     4 

24.6 

1 

12.3 

Mar.     7 

31.2 

4 

14,8 

5 

7.5 

Mar.  10 

39.4 

7 

15.5 

9 

9.1' 

Mar.  18 

26.7 

15 

14.8 

Mar.   21 

39.6 

18 

11.2 

18 

6.5 

Mar.  24 

46.  S 

21 

a").o 

21 

18.5 

Apr.  24 

13.6 

21 

6.5 

Apr.  27 

17.5 

24 

8,9 

24 

4.9 

Apr..  30 

24.2 

27 

14.4 

27 

7.4 

May    10 

30.7 

8 

9,8 

May    13 

3((.8 

11 

15.5 

n 

fl.7 

May    1(1 

46.4 

14 

26.0 

14 

18,8 

June     9 

26.4 

(I 

17.2 

June  12 

•20.0 

0 

13.2 

9 

5.0 

June   15 

35.0 

12 

10.8 

12 

4.2 

1883. 

Jan.    18 

15.2 

15 

4.3 

Jan.    21 

23.3 

18 

6.8 

IS 

7.5 

Jan.    24 

31.3 

21 

ltj.2 

21 

12,0 

Feb.     9 

-.6. 3 

G 

34.5 

Ftib.    12 

(12. » 

9 

43.7 

9 

20,4 

Feb.    15 

(i6.3 

!2 

30.0 

12 

25, 6 

Apr.     3 

43.3 

Apr.     .1 

37.5 

3 

lfl,0 

Apr.     9 

4(i.G 

6 

10,9 

May    23 

■w  5 

May    2B 

2312 

23 

4.6 

May    29 

27.3 

26 

4.9 

Dec.   22 

11.2 

Bet-.   25 

.15.6 

5,8 

1.9 

Dec.    28 

49.5 

25 

2ri 

26.0 

1884. 

Fub.      5 

53.5 

Feb.     8 

62.  U 

5 

29,9 

Fob.    11 

(iy.8 

8 

49.5 

8 

21.8 

a 

29.0 

Feb.    14 

71.1 

H 

46.1 

11 

28,4 

11 

45.2 

Mar.  11 

40.9 

!) 

!I.O 

Mar.  14 

48. 3 

24. 5 

12 

12.3 

28.0 

Mar.  17 

4».6 

15 

32.8 

15 

IJ.l 

15 

20.3 

1885. 

Jan.     1 

15.3 

31 

7.8 

Jan.     4 

17.3 

I 

31 

3.6 

31 

3.0 

Jan.     7 

25.3 

3 

16.8 

3 

4,4 

3 

3.2 
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Cincianati. 

Marietta. 

Charleston, 
W.  Va. 

Loui«i,Ky.| 

Dftto. 

Stage. 

Dato. 

Stage. 

Date. 

3ta^ 

Date. 

stage. 

1885. 

Ju.    U 

21.3 

12 

12.7 

Jan.    IT 

41.1 

15 

14.8 

13 

8.4 

15 

S.0 

Jan.    ao 

46.0 

19 

30.5 

18 

17.4 

18 

20.0 

Feb.     6 

13.8 

3 

B.0 

Feb.     ft 

lfl.9 

0 

10.0 

3.8 

6 

4.4 

Feb.    12 

2«.6 

9 

13.0 

6.0 

9 

7.0 

Mar.     1 

16.7 

27 

6.5 

Mar.    4 

23.6 

2 

9.2 

9.6 

2 

ia5 

Mar.     7 

24.5 

5 

14.0 

7.4 

5 

7.0 

Apr.     2 

10.8 

30 

7.8 

Apr.     5 

23.5 

2 

12.8 

6.8 

2 

4.5 

Apr.     8 

33.0 

5 

23.2 

9.5 

5 

8.5 

Apr.  15 

20. 5 

13 

10.0 

Apr.  18 

31.7 

10 

14,7 

16 

6.4 

16 

4.6 

Apr.  21 

30,8 

10 

20.1 

19 

13.1 

19 

20.0 

Dec.   11 

13.5 

8 

7.0 

Dec.    14 

20.6 

10.1 

11 

8.4 

11 

4.6 

Dec.    n 

30.1 

14 

10.5 

14 

10.6 

14 

10.5 

1886. 

Jan.     3 

14.2 

8.0 

Jan.     6 

20.8 

4 

13.8 

0.9 

4 

7.5 

Jan.     » 

3».l 

2.17 

10.4 

7 

14.2 

Feb.    12 

21.7 

9 

6.2 

Feb.   15 

33.5 

12 

8.0 

11.9 

12 

20.0 

Feb.    18 

40.5 

15 

29.0 

l.'i 

13.0 

15 

14.0 

Mar.  20 

14.4 

18 

8.0 

Mar.  23 

23.5 

21 

11.3 

6.5 

21 

10.5 

Mar.  26 

31.0 

21 

30.4 

24 

8.9 

24 

13.8 

Apr.     3 

52.8 

31 

23.2 

Apr.     fl 

.'>4.2 

3 

;io.i 

20.0 

3 

2-..  6 

Apr.     » 

55.8 

6 

24.1 

30.8 

6 

33,5 

May     e 

15.8 

5 

.'i.5 

May    11 

31.6 

8 

11.3 

13.5 

8 

24. 5 

May    14 

;w.R 

11 

13.3 

II 

9.7 

11 

12,  S 

Nov.  18 

11.2 

15 

5.4 

Nov.  21 

1.>.3 

18 

».8 

18 

5.0 

18 

3.1 

Nov.  24 

an.: 

.21 

17.3 

21 

6.7 

21 

3.7 

Dec.   14 

10.2 

11 

5.5 

Dec.   17 

18.0 

14 

7.1 

ii 

7.0 

14 

7.0 

Deo.   20 

21.7 

17 

13.0 

17 

7.3 

17 

8.0 

1888. 

Jan.     7 

17.0 

4 

11.5 

Jan.    10 

26.5 

7 

13.0 

7 

5.0 

8 

7.3 

Jan.    13 

rM.2 

10 

27.9 

10 

10 

3.0 

Feb.   24 

17.5 

9.1 

Feb.   27 

22.9 

25 

24 

t,.i 

5.0 

Mar.     1 

2i.\ 

28 

17.0 

2T 



6.4 



^1"! 
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Cincionati. 

Marietta. 

Charleston, 
W.  Va. 

Louba,Ky. 

Date. 

Stage 

Date. 

Stage 

Date. 

Stage. 

Data. 

Stage. 

1888. 

Apr.     6 

26.3 

2 

17.6 

Apr.     9 

22.4 

5 

13.3 

6 

5.6 

6 

6.0 

Apr.  12 

32.9 

9 

19.9 

11 

6.9 

12 

6.8 

July     8 

9.1 

- 

5.8 

July   12 

25.8 

10 

20.3 

6 

4.9 

July   J5 

31.4 

13 

24.0 

11 

6.5 

Aug.,  20 

6.2 

18 

4.0 

Aug.  23 

19.2 

21 

7.8 

21 

4.5 

Aug.  26 

32.0 

24 

28.5 

24 

5.2 

Oct.    23 

28.0 

21 

14.3 

Oct.    28 

28.3 

24 

15.0 

24 

7.7 

Oct.    29 

33.0 

27 

12.2 

27 

18.6 

Nov.     3 

27.8 

31 

11.9 

Nov.     6 

23.0 

i 

9.0 

7 

4.9 

Nov.     9 

33.5 

7 

10.5 

9 

4.8 

1889. 

Jan.      3 

22.3 

Jan.      6 

24.4 

3 

10.4 

3 

6.9 

4 

8.6 

Jan.      9 

31.5 

6 

n2.7 

6 

6.9 

6 

8.9 

Jan.    25 

22.4 

Jan.    28 

27.0 

7.9 

23 

5.7 

26 

9.1 

Jan.    31 

34.5 

28 

13.5 

28 

14.5 

28 

14.9 

Feb.    16 

14.4 

Feb.    19 

28.0 

16 

9.6 

16 

5.0 

17 

5.8 

Feb.    22 

38.1 

19 

13.0 

19 

22.3 

19 

21.6 

May   30 

15.1 

June     2 

26.0 

30 

6.0 

30 

6.4 

31 

6.4 

June     5 

33.3 

12.5 

2 

23.9 

2 

8.5 

June  14 

17.4 

June  17 

25.8 

14 

9.0 

14 

10.3 

15 

17.0 

June  20 

28.9 

17 

13.4 

17 

11.3 

17 

15.0 

Nov.    9 

18.7 

Nov.  12 

22.0 

9 

8.9 

9 

6.5 

10 

13.5 

Nov.  15 

30.2 

12 

15.6 

12 

9.5 

12 

11.6 

Nov.  21 

24.7 

Nov.  24 

29.2 

21 

16.3 

21 

9.1 

21 

7.6 

Nov.  27 

33.0 

24 

n.y 

24 

10.8 

24 

10.8 

Dec.   10 

17.9 

Dec.   13 

33.0 

10 

9.5 

10 

5.6 

11 

4.8 

Doc.    16 

28.4 

13 

19.1 

13 

6.4 

13 

6.7 

1890. 

Jan.     6 

10.2 

3 

8.9 

Jan.      9 

Xi.S 

6 

9.9 

6 

5.5 

6.8 

Jan.    12 

40.2 

9 

26.3 

9 

11.3 

9 

11.5 

Jan.    15 

34.5 

12 

20.2 

Jan.    18 

40.3 

15 

16.3 

15 

5.6 

16 

9.4 

Jan.    21 

43.8 

18 

29.9 

18 

7.4 

18 

13.5 
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• 

Cincinnati. 

Marietta. 

Charleston, 
W.  Va. 

Louisa,  Ky. 

Date. 

Stage. 

Date. 

Stage. 

Date. 

Stage. 

Date. 

Stage. 

1890. 

Jan.    30 

24.3 

27 

12.0 

Feb.     2 

23.2 

30 

11.0 

30 

6.4 

31 

6.6 

Feb.     5 

35.0 

2 

12.0 

2 

14,0 

2 

10.7 

Feb.     5 

35.0 

2 

12.0 

Feb.     8 

36.7 

o 

13.7 

5 

11.1 

6 

13.0 

Feb.   11 

43.2 

8 

22.4 

8 

8.2 

8 

16.9 

Feb.   16 

30.9 

12 

16.9 

Feb.   19 

35.4 

15 

16.1 

16 

12.2 

17 

11.5 

Feb.   22 

43.2 

18 

25.8 

19 

8.8 

19 

10.0 

Feb.   23 

43.0 

20 

22.8 

Feb.   26 

49.4 

23 

26.2 

23 

8.6 

24 

13.7 

Mar.    1 

56.8 

26 

21.7 

26 

25.6 

26 

45.0 

Mar.  20 

46.5 

17 

27.4 

Mar.  23 

:52.0 

20 

19.0 

20 

16.3 

21 

24.7 

Mar.  26 

59.1 

23 

31.0 

23 

30.9 

23 

40.0 

May   20 

29.6 

17 

17.3 

May   23 

39.4 

20 

14.3 

20 

10.1 

21 

26.3 

May   26 

40.8 

23 

26.2 

23 

9.9 

23 

15.3 

Aug.  24 

10.6 

21 

4.2 

Aug.  27 

13.8 

24 

5.7 

24 

5.5 

25 

3.1 

Aug.  30 

20.8 

27 

12.4 

27 

5.6 

27 

4.8 

Sept.  12 

20.6 

9 

8.0 

Sept.  15 

28.5 

12 

14.5 

12 

6.4 

13 

5.7 

Sept.  18 
1891. 

35.2 

15 

27.2 

15 

6.2 

15 

3.9 

Dec.   31* 

25.9 

1 

11.7 

31* 

6.0 

31* 

10.2 

Jan.     3 

38.5 

4 

34.5 

3 

26.9 

2 

26. 8t 

Jan.     6 

48.7 

3 

26.2 

"">"" 

■">'"■ 

Feb.   19 

41.5 

18 

34.5 

19 

8.4 

19 

12.9 

Feb.   22 

53.4 

21 

44.6 

20 

8.0 

22 

28.0 

Feb.   25 

57.3 

t 
t 

•     22 
23 

14.7 
18.5 

t 

23 

32. 5t 

Mar.    6 

33.0 

6 

13.0 

5 

28.5 

Mar.    9 

35.4 

9 

13.9 

9 

20.0 

6 

20.3 

Mar.  12 

43.3 

12 

20.8 

t 

10 

22.0 

t 

9 

25.4 

1890. 


t  Crest. 


These  stages  of  water  observed  at  Parkersburg,  Charleston,  and  Lguisa  are 
ftTailable  for  devising  a  method  of  computing  the  riso  of  river  at  Cincinnati. 

For  any  particular  rise  in  the  water  at  any  of  these  places  the  effect  of  the  riso 
may  bo  considered  to  be  greater  at  Cincinnati  the  less  the  stage  of  water  at  Cin- 
cinnati, and  the  greater  the  stage  at  any  of  the  other  places.  On  this  basis  a 
rule  is  derived  lor  computing  the  rise  at  Cincinnati  in  terms  of  those  at  the 
other  places. 

The  rise  at  Cincinnati  from  three  days  before  a  crest  until  the  day  ot  lYic  ctc^X. 
multipUed  Igr  the  $tage  three  days  before  the  crest  was  placed  equal  lo  an  xm- 
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known  factor  multiplied  by  the  sum  at  the  three  t< 

the  Cincinnati  crest  at  Parkernbur^.  Ohai'lestan,  a  .  , 

the  mean  stages  at  those  places  For  the  three  A&ys.  3y  solvingr  the  equatlona 
From  seven  cases  since  1884,  where  the  Cincinnati  eta^'e  was  greater  tban  40  feet, 
this  factor  lor  the  rise  is  found  to  be  OM  for  a  mean  stage  of  50  feet.  From  nlne- 
t4;cn  eases  where  the  Cincinnati  stae^  ^'o**  between  2S  and  40  feet,  the  factor  ia 
found  to  be  0,75  for  a  mean  stage  of  '40  feet.  Acooi-din^ly  the  tollowino;  rule  ia 
adopted  tor  computing  the  crest  of  the  flood  wave  at  Cmclnnati  from  tne  Btaga 
at  Cincinnati  three  dayx  before  crcat  and  the  stages  and  changes  in  the  rivers  at 
Parkergburg,  W.  Va.,  Charleston,  W.  Va.,  and  Louisa,  Ky.,  which  occur  three 
days  and  six  days  befoi-e  the  Cincinnati  crest. 

At  any  time  when  the  riror  at  Cincinnati  Is  at  a  rising  stage  and  hOB  been 
rising  for  at  least  throe  days,  then  the  rise  in  the  next  thrt;i;  days  will  be  as  fot- 
lowH : 

The  rise  or  fait  in  fuct  at  Farkorsburg,  Charleston,  and  Ijouisa  for  the  three 
days  procodint'  the  Cincinnati  rlau,  multiplied  by  the  moan  stages  at  the  respec- 
live  places  for  the  throe  days,  arc  added  together. 

This  sum  is  multiiilied  by  the  following  factor,  dependent  on  the  stage  ol  river 
at  Cincinnati,  and  divided  by  the  stage  of  water  at  Cincinnati . 


Stage. 

Factor. 

Stage. 

Factor. 

Stogo. 

Factor. 

■  Stage. 

Factor. 

25 

0.«i 

32 

O.f.7 

39 

0.44 

45 

0.37 

o.m 

33 

0.63 

40 

0.42 

46 

0.36 

27 

0.87 

34 

0.59 

41 

0.41 

0.35 

2« 

0.W 

3.1 

O-.-iS 

42 

0.42 

48 

0.34 

29 

0.70 

:mi 

0.51 

43 

0.3.0 

49 

0.34 

30 

o.7r. 

37 

0.48 

44 

60 

31 

0.71 

0.4B 







Cincinnati. 

Cincinnati. 

Gauge 

Rise  in 

Com- 

%'T 

Ui«o  in 

Com- 

three 

piited 

Dale. 

thi-ee 

puted 

ing. 

days. 

rise, 

Ing. 

days. 

18S5. 

1800. 

Apr.     5 

2.').  5 

7.5 

8.2 

Jan.      9 

33.8 

6.4 

Apr.   18 

31.7 

5.1 

!1.7 

23.2 

11.8 

5.2 

Fob.     8 

:w.7 

6.6 

2.4 

Jan.     a 

2fi.K 

Fob.    1!) 

3r>.4 

7.8 

2.5 

Feb.    15 

3.3.5 

7.0 

5.1 

May    Zi 

39.4 

1.4 

0.0 

Mar.  23 

23.6 

7.5 

8.1 

28. 5 

6.7 

7.0 

Way    U 

31.6 

5.2 

-5.8 

Feb.    11 

66.8 

4.3 

3.0 

Jan.     10 

7.7 

10.3 

Mar.   14 

48.3 

1.3 

0.7 

lH8o. 

Jan.      fl 

24.4 

7,1 

l.G 

,Tan.    17 

41.1 

4.9 

6.7 

Jan.    2fi 

27.0 

7.5 

7.1 

18S«. 

28.0 

10.1 

14.8 

Apr.    6 

2r..O 

7,3 

11.8 

l.SDO. 

.Tuno  17 

25,8 

3.1 

0.6 

Jan.    18 

40.3 

3.5 

3.6 

Nov.  24 

2.'),  2 

4,4 

Feb.   2ft 

40.4 

7.4 

7.7 

Dec.    13 

23.0 

5.4 

" 

Mar.  23 

52.0 

7.1 

7.4 

Thcgreatfloods  arc  only  prodiK^ed  when  there  Isaconjunctionof  cfrcumstanMi 
eioeptionally  favorable  tor  flood  production,  such  a»  successive  lloodi  la  the  trib- 
uUtrieB  added  toother,  long  continued  rainfall,  frozen  ground,  small  evaporation, 
eta. 
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Floods  occur  only  in  the  early  part  of  the  year.  The  groat  floods  aro  to  some 
extent  associated  with  the  melting  of  the  accumulated  snows  of  the  winter. 

It  makes  a  difference  in  a  flood  whether  the  ground  is  previously  frozen  to 
some  depth  hefore  snow  has  fallen. 

The  rato  of  rainfall  and  the  absolute  quantity  of  water  that  falls  aro  the  chief 
determining  causes  of  floods. 

The  character  of  the  ground  is  a  matter  to  be  considered,  whether  saturated 
hv  a  series  of  preparatory  rains,  or  whether  frozen  hard  so  that  no  water  can  bo 
absorbed.  In  the  case  of  frozen  ground  72  -per  cent  of  the  rainfall  or  melted 
snow  runs  off. 

Some  idea  of  a  coming  stage  of  water  can  be  formed  from  gauge  readings  made 
at  Cincinnati  alone.  The  average  duration  of  important  rises  is  about  six  days. 
The  daily  rato  of  rise  increases  from  the  sixth  to  the  third  day  before  a  crest 
and  diminishes  from  the  third  day  to  the  day  of  crest. 

The: average  of  successive  daily  rises  at  Cincinnati  for  six  days  preceding 
crests  are  as  follows  ; 

Feet. 

6th  to  5th , 2.2 

5th  to  4th ,.. 3.2 

4lh  to  3d 3.8 

3d  to  2d 4.0 

2dtol8t 2.8 

Ist  to  crest 1.3 

Mean  Stages. 


Parke  rsburg. 

Charleston. 

Louisa. 

Cincinnati, 
three  days  after. 

Feet. 

Feet, 

Feet, 

Feet, 

24.9 

12 

J5 

39.7 

24.9 

27 

42 

OO,  O 

33. 3 

9 

42.6 

33.1 

30 

40 

57.2 

35.2 

15 

20 

48.2 

33.1 

30 

40 

57.2 

44.7 

H 

21 

57. 3 

46.6 

27 

4.5 

68.7 

55.0 

21 

29 

71.1 

The  corresponding  wave  crosts  at  Catlottdburg  and  Cincinnati,  one  day  later  in 
the  caHe  of  medium  stages  and  in  two  or  three  days  for  stages  above  50  feet,  aro 
as  follows : 


Cincinnati, 

1 

1 

1 

Cincinnati, 

Catlettsburg. 

two  or  three 
days  after. 

Catlettsburg. 

1 

two  or  three 
days  after. 

Feet, 

Feet, 

Feet. 

Feet, 

32 

3:3.4 

44 

47.2 

33 

;u.  5 

45 

•  48. 5 

34 

:{5. 5 

35 

36.  G 

46 

50. 0 
51.5  il.l 

36 

37.7 

48 

52.  S 

37 

38.8 

49 

38 

40.0 

50 

54. 5 

39 

41.3 

40 

42.4 

51 
52 

55. 4 
56.  2 

41 

43. 5               : 

53 

57. 1 

42 

44.6 

54 

57. 8 

43 

45.8             j 

55 

58.5             \ 

jj^jmf    m  ' 
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LODJSVUXB,  KT. 


Th«  hlgEeet  water  obeerred  was  46.6  foet,  February  16, 18S4. 

The  distance  U  Cincinnati  is  132.5  miles. 

The  difference  in  level  of  the  zeros  of  the  gauges  at  Cincinnati  and  Loulsrllls 
is  20.7  feet. 

The  corresponding  crest-ware  stages  at  Cinoinnatl  and  Loularille  one  Aaj 
later  are  given  In  the  tAble  belov. 


Clncin- 

LoulsvUIe, 

Cincin- 

LouiBvillc, 

Cincin- 

LouisviUe, 

naU. 

one  day  after. 

nati. 

one  day  after. 

nati. 

one  day  after. 

13 

1.2 

33 

13.0 

53 

29.2 

14 

7.2    ±0.5 

.14 

13.3 

54 

30.6 

15 

7.4 

35 

13.8 

55 

31.5    ±0.7 

16 

7.5 

36 

14.4 

.-.6 

32.8 

n 

7.9 

37 

57 

34.0 

18 

8.2 

38 

isle 

58 

35.3 

19 

8.4 

39 

16.3 

.TO 

36.9 

20 

8.7    ±0.3 

40 

16.9    ±1.1 

60 

38.2 

21 

9.0 

41 

17.5 

61 

3tf.4 

22 

fi.3 

42 

18.1 

62 

40.5 

23 

9.6 

43 

18.7 

63 

41.5 

24 

9.7 

44 

19.4 

64 

42.5 

25 

10.2 

45 

20.4 

65 

43.4 

26 

10.4 

46 

21.5 

66 

44.0 

27 

10.7 

47 

67 

44.8 

28 

11.2 

48 

23^7 

68 

45.4 

29 

11.5 

4!) 

2.-..0 

69 

46.0 

30 

11.8    ±1.0 

50 

3«.0    ±1.4 

70 

46.4 

31 

12.3 

51 

27.0 

71 

46.6 

33 

12.6 

52 

23.2 

72 
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Considerable  volumes  of  water  are  added  to  the  Ohio  between  Cincinnati  and 
Louisville  by  the  Licking  River  at  Cincinnati,  by  the  Little  Miami,  and  by  the 
Kentue^  Kiver. 

EVANSVILUS,  IND. 

The  danger  line  at  Evansville  is  at  the  30-foot  stage. 

The  distance  to  Cincinnati  is  316.5  miles. 

The  dilTerenoe  in  level  of  the  zeros  of  gauges  at  Cincinnati  and  Evansville  Is 
105  feet« 

The  corresponding  wave-crest  stages  at  Cincinnati  and  Evansville  three  days 
later  are  as  follows : 


Cincin- 

Evansville. 

Cincin- 

Evansville, 

Cincin- 

Evansville, 

nati. 

two  days  after. 

nati. 

two  days  after. 

nati. 

two  days  after. 

10 

6.2 

.32 

25.8 

54 

44.0 

11 

6.2    4-0.8 

33 

26.7 

55 

44.6    =F1.7 

12 

7.2 

34 

27.6 

13 

8.1 

35 

28.6    ±1.7 

56 

45.1 

14 

9.0 

57 

45.6 

n 

10.0    T1.4 

36 

29,4 

58 

46.1 

37 

30.2 

59 

46.6 

K 

10.9 

38 

31.0 

60 

47.0 

17 

11.8 

39 

31. 9 

18 

12.7 

40 

32.8    ±1.7 

61 

47.2 

19 

13.6 

62 

47.4 

20 

14.4    =fl.5 

41 

33.6 

63 

47.6 

42 

34.4 

64 

47.8 

21 

15.4 

43 

a5.3 

65 

48.0 

22 

16.4 

44 

36.2 

23 

17.4 

45 

37.0    ±1.0 

66 

48.0 

24 

18.4 

67 

48.1 

25 

19.4    ±1.4 

46 

37.8 

68 

48.1 

47 

38.7 

69 

48.1 

26 

20.3 

48 

39.6 

70 

48.1 

27 

2L2 

49 

40.4 

28 

22.1 

50 

41.2    ±L2 

71 

48.2 

29 

23.0 

72 

30 

24.0    ±1.6 

51 
52 

41.9 
42.6 

73 

31 

24.9 

53 

43.3 

The  principal  tributaries  coming  into  the  Ohio  between  Cincinnati  and  Evans- 
ville are  the  Kentucky  and  the  Green  rivers.  The  latter  drains  9,600  square 
miles. 

WAB  91— VOL 
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MOUNT  VERNON,  IND. 

The  danger  line  at  Mount  Vernon,  Ind.,  is  at  35  feet. 
The  highest  water,  51.7  feet,  occurred  February  22, 1884. 
The  distance  from  Mount  Vernon  to  Evansville  is  36.5  miles. 
The  corresponding  crest-wave  stages  at  Cincinnati  and  MounI  Vernon  three 
to  four  days  after  are  given  below. 


• 

Cincin- 
nati. 

Mount  Vernon, 
three  or  four 

Cincin- 
nati. 

Mount  Vernon, 
three  or  four 

Cincin- 
nati. 

Mount  Vernon, 
three  or  four 

days  after. 

days  after. 

days  after. 

25 

17.7    ±1.8 

37 

30.7 

49 

42.8 

26 

18.5 

38 

32.3 

50 

43.3 

27 

19.6 

39 

34.2 

28 

20.5 

40 

35.6 

51 

43.6 

29 

21.6 

f      52 

43.8 

30 

22.5 

41 

37. 3 

T      53 

44.2 

42 

38.7 

54 

44.6 

31 

23.4 

43 

39.6 

55 

44.9 

32 

24.4 

44 

40.2 

' 

33 

25.4 

45 

.    40.7 

56 

45.3 

34 

26.2 

57 

45.6 

35 

27.7    ±2.1 

46 

41.3 

58 

45.8 

47 

41.8 

•      59 

46.2 

36 

29.3 

48 

42.4 

60 

46.4 

CABTHAGE,  T£NN. 

The  danger  line  at  Carthage,  Tenn.,  is  at  30  feet.  The  water  sometimes  rises 
as  high  as  60  feet. 

The  distance  from  Burnside,  Ky.,  to  Carthage,  Tenn.,  is  177  miles. 

The  corresponding  wave  crests  at  Burnside  and  Carthage  two  days  later  are 
as  follows : 


Burnside. 

Carthage. 

Burnside. 

Carthage.  • 

Burnside. 

Carthage. 
Twodays  after. 

4 

2.5  ±1.6 

26 

22.6 

47 

36.4 

5 

3.9 

27 

23.6 

48 

37.0 

6 

5.5 

28 

24.7 

49 

38.0 

7 

6.9 

29 

25.3 

50 

39.1  ±0.5 

8 

8.0 

30 

25.8 

9 

8.9 

51 

40.2 

10 

9.9  ±2.2 

31 

26.3 

52 

41.4 

t 

32 

26.8 

53 

42.3 

11 

10.7 

33 

27.3 

54 

43.2 

12 

11.6 

34 

27.8 

55 

44.0 

13 

12.5 

35 

28.3  ±2.2 

14 

13.2 

56 

4.5.0 

15 

14. 0  ±2. 4 

36 

28.9 

57 

45.8 

37 

29.4 

58 

46.6 

16 

14.8 

38 

30.0 

59 

47.5 

17 

15.6 

39 

30.9 

60 

48.4 

18 

16.3 

40 

31.5  ±2.3 

19 

16.9 

61 

49.1 

20 

17.6  ±1.6 

41 

32.3 

62 

50.1 

42 

33.0 

63 

21 

18.4 

43 

33.8 

64 

22 

19.2 

44 

34.2 

65 

23 

19.9 

45 

35. 0  ±0. 2 

24 

20.7 

25 

21.6  ±2.2 

46 

35.7 

The  dWorcDi^Q  in  level  of  gauge  zorps  at  Burnside  and  Carthage  is  146  feet. 
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NASHVILLX,  TENN. 

The  danger  line  at  Nashville  Ib  at  40  feet.  The  high  water  of  1847  was  54.7 
feet. 

The  distance  from  Nashville  to  Burnside  is  259  miles. 

The  difference  in  level  of  gauge  zeros  at  Burnside  and  Nashville  is  223  feet. 

The  correapoAdin^  wave^^rest  water  stages  at  Burnside  and  Nashville  three 
days  later  are  as  follows : 


Nashville, 

Nashville, 

Nashville, 

Burnside. 

three  days 

Burnside. 

three  days 

Burnside. 

three  days 

after. 

after. 

after. 

5 

5.2    ±1.8 

26 

26.0 

47 

43.3 

27 

27.3 

48 

43.7 

6 

6.5 

28 

28.8 

49 

44.2 

7 

7.8 

29 

30.0 

50 

44.6 

8 

9.1 

30 

31.4    ±0.5 

9 

10.2 

• 

51 

45.0 

10 

11.3    ±1.7 

31 

32.6 

52 

45.3 

32 

33.7 

53. 

45.8 

11 

12.  a 

33 

35.2 

54 

46.3 

12 

13.4 

34 

36.0 

55 

46.5 

13 

14.5 

35 

36.6 

14 

15.5 

56 

46.9 

15 

16.5    ±2.3 

36 

37.3 

57 

47.3 

37 

37.9 

58 

47.7 

16 

17.8 

38 

38.5 

59 

48.2 

17 

18.9 

39 

39.2 

60 

48.6 

18 

19.6 

40 

39.9 

19 

20.0 

61 

48.9 

20 

20.5    ±1.4 

41 

40.5 

62 

49.4 

42 

41.2 

63 

21 

20.9 

43 

41.8 

64 

22 

21.4 

44 

42.2 

65 

23 

22.2 

45 

42.6 

24 

23.4 

25 

24.8 

46 

42.9 
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The  distance  from  Carthage  to  Nashville  is  82  miles. 

The  difference  in  level  of  gauge  zeros  at  Nashville  and  Carthage  is  77  feet. 
The  corresponding  wave-crest  water  stages  at  Carthage  and  Nashville  one  or 
two  days  later  are  as  follows : 


Nashville,  one 

■ 

Nashville, one 

NashvillOjOne 

Carthage. 

or  two  days 

Carthage. 

or  two  days 

Carthage. 

or  two  days 

after. 

after. 

after. 

5 

6.6    ±0.8 

22 
23 

22.7 
24.1 

40 

41.0    TO.  8 

6 

7.9 

24 

25.8 

41 

41.9 

7 

9.2 

25 

27,3    ±1.8 

42 

42.8 

8 

10.6 

43 

43.5 

9 

11.9 

26 

28.9 

44 

44.1 

10 

13.1    ±1.1 

27 

28 

30.5 
31.9 

45 

44.9 

11 

14.5 

29 

32.6 

46 

45.5 

12 

15.8 

30 

33.4 

47 

46.3 

13 

16.6   • 

48 

46.9 

14 

17.1 

31 

34.0 

49 

47.6 

15 

17.9  "±1.4 

32 
33 

34.6 
35.4 

50    . 

48.3 

16 

18.6 

34 

36.2 

51 

48.9 

17 

19.3 

35 

36.9    ±1  8 

52 

49.7 

18 

20.0 

53 

19 

20.5 

36 

37.7 

54 

20 

21.0    =F2.3 

37 
38 

38.3 
39.2 

55 

21 

21.8 

39 

40.1 

EDDYVILLE,  KY. 

The  danger  line  at  Eddyville  is  at  31  feet.  The  highest  water,  60.4  ftot,  oc- 
curred in  1882. 

The  distance  to  Nashville  is  135  miles. 

The  corresponding  wave-crest  water  stages  at  Nashville  and  Eddyville  two 
days  later  are  as  follows : 


Nashville. 


10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 

23 
24 


Eddyville, 
two  days  after. 

10.0 

11.0 
12.5 
14.0 
15.3 
16.7 

18.0 
19.2 
20.4 
21.7 
23.0 

24.3 
25.7 
27.0 
28.3 


Nashville. 


25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

36 
37 
38 
39 


Eddyville, 
two  days  after. 

29.4 

30.7 
32.0 
33.6 
35.0 
.  36. 7    ±1. 8 

38.2 
39.6 
41.0 
42.6 
44.2 

45.6 
46.7 
47.7 

48.7 


Nashville. 


40 

41 
42 
43 
44 
45 

46 

47 
48 
49 
50 

51 
52 


Eddyville, 
two  days  s^ter. 

49.8 

50.8 
51.4 
51.8 
52.4 
53.0 


53.4 
53.9 
54.5 
55.0 
55.5 

56.0 


±1.8 
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OHATTANOOOA,  TENN. 

The  danger  line  at  Chattanooga  is  at  33  feet.  The  highest  water,  58.05  feet,  oc- 
curred March  11, 1867. 

The  distance  to  Clinton  is  148  miles. 

The  difference  in  level  of  gauge  zeros  at  Chattanooga  and  Clinton  is  151.7  feet. 
The  difference  in  level  of  gauge  zeros  at  Chattanooga  and  Knoxville  is  180.4  feet. 

The  corresponding  wave-crest  water  stages  at  Clinton  and  Chattanooga  two 
days  later  are  as  follows : 


Clinton. 

Chattanooga, 
two  days  after. 

Clinton. 

Chattanooga, 
two  days  after. 

Clinton. 

Chattanooga, 
two  days  after. 

5 

6.2 

19 

20.4 

33 

38.5 

20 

21.6 

34 

40.5 

6 

7.3 

35 

41.5 

7 

'8.4 

21 

23.0 

8 

9.5 

22 

24.5 

36 

43.0 

9 

10.7 

23 

25.9 

37 

44.0 

10 

12.0 

24 

26.5 

38 

45.1 

25 

27.3 

39 

46.2 

11 

13.1 

40 

47.3 

12 

14.7 

26 

28.1 

13 

15.9 

27 

29.5 

41 

48.3 

14 

16.3 

28 

31.0 

42 

49.4 

15 

17.0 

29 

32.6 

43 

50.2 

30 

34.0 

44 

51.2 

16 

17.5 

45 

52.2 

17 

18.0* 

31 

35.5 

18 

19.0 

32 

36.9 

The  stage  of  water  at  Chattanooga  is  mainly  the  result  of  the  stage  of  water  at 
Clinton  and  Knoxville  about  two  days  previous.  Considerable  volumes  of  water 
are  added  to  the  Tennessee  between  the  two  places  by  the  Hiawassee  River, which 
enters  the  Tennessee  35  miles  above  Chattanooga.  There  is  a  gauge  on  the  Hia- 
wassee at  Charleston,  Tenn. 

The  most  advantageous  way  of  finding  a  coming  rise  at  Chattanooga  from  rises 
at  Clinton  and  Knoxville  is  as  follows : 

Rule, — The  rise  at  Chattanooga  in  the  two  days  succeeding  a  crest  at  Clinton 
or  Knoxville  is  equal  to  the  preceding  two-day  rises  at  Clinton  and  Knoxville 
multiplied  by  the  mean  stages  at  the  places  on  the  two  days,  the  sum  divided  by 
the  stage  at  Chattanooga  on  the  day  of  the  Clinton  crest]  and  multiplied  by  the 
following  factor  dependent  on  the  Chattanooga  stage. 


Chat- 

Chat- 

Chat- 

tanooga 

Factor. 

tanooga 

Factor. 

tanooga 

Factor. 

stage. 

stage. 

stage. 

12 

0.87 

26 

0.43 

40 

0.245 

13 

0.86 

27 

0.41 

14 

0.84 

28 

0.39 

41 

0.24 

15 

0.82 

29 

0.37 

42 

0.23 

• 

• 

30 

0.35 

43 

'    0.225 

16 

0.80 

44 

0.215 

17 

0.78 

31 

0.33 

45 

0.21 

18 

0.75 

32 

0.31 

19 

0.72 

33 

0.30 

46 

0.20 

20 

0.67 

34 

0.29 

47 

0.19 

35 

0.285 

48 

0.19 

21 

0.61 

49 

0.18 

22 

0.56 

36 

0.28 

50 

0.18 

23 

0.51 

■      37 

0.27 

24 

0.47 

;    38 

0.26 

25 

0.45 

ll 

1  ""  I 

0.255 

\ 
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The  probable  error  of  a  computed  stag-e  by  the  above  rule  is  j^  2.1  feet. 
The  following  are  some  of  the  rises  at  Chattanooga  aud  those  preceding  at 
Clinton  and  Knoxville: 


Chattanooga. 

Clinton.' 

Knoxville. 

Date. 

Rise. 

Date. 

Rise. 

Date. 

Rise. 

1885. 

Jan.    16 

16.  (» 

15 

9.2 

16 

3.9 

Jan.    17 

22.5 

16 

13.7 

17 

8.3 

Jan.    18 

26.5 

17 

18.9 

18 

9.7 

1886. 

Jan.     3 

8.1 

4 

9.8 

4 

5.1 

Jan.     4 

18.0 

5 

10.7 

5 

11.0 

Jan.     5 

22.1 

6 

14.5 

6 

11.8 

Jan.    22 

12.9 

20 

10.8 

20 

5.6 

Jan.    23 

14.0 

21 

12.9 

21 

5.4 

Jan.    24 

15.0 

22 

13.5 

22 

6.8 

Feb.   12 

9.0 

10 

5.9 

7 

2.3 

Feb.   13 

12.6 

11 

6.2 

8 

2.2 

Feb.   14 

1 

13.1 

12 

14.0 

9 

2.5 

Mar.  21 

8.4 

20 

4.6 

19 

i.r 

Mar.  22 

12.4 

21 

15.4 

20 

1.8 

Mar.  23 

14.5 

22 

19. 2 

21 

3.9 

Mar.  31 

40.5 

• 

Apr.     1 

47.1 

29 

17.7 

29 

8.2 

Apr.     2 

51.0 

30 

31.5 

30 

13.8 

Apr.     3 

52.2 

31 

45.0 

31 

29.  tf 

Dec.   15 

9.0 

13 

5.7 

12 

3.9 

Dee.   16 

9.6 

14 

7.8 

13 

5.6 

Deo.   17 

11.6 

15 

10.9 

14 

8.0 

Dec.   20 

14.0 

17 

8.6 

17 

4.8 

Dec.  21 

16.0 

18 

10,7 

18 

5.2 

Dec.   22 

16.6 

19 

13.2 

19 

6.4 

Dec.   30 

10.6 

25 

8.7 

30 

4.7 

Dec.   31 

10.7 

26 

12.5 

31 

5.6 

1887. 

Jan.      1 

11.0 

27 

15.7 

1 

7.3 

Jan.    24 

13.0 

24 

14.5 

23 

2.7 

Jan.    25 

19.6 

25 

15.5 

24 

8.1 

Jan.    26 

21.8 

26 

15.8 

25 

13.4 

Jan.    30 

13.8 

31 

12.8 

28 

.5.7 

Jan.    31 

15.3 

1 

12.3 

29 

5.7 

Feb.     1 

16.2 

2 

14.3 

30 

7.3 

Feb.     5 

19.0 

2 

14.3 

2 

5.4 

Feb.     6 

21.0 

3 

12.6 

3 

5.3 

Feb.     7 

21.8 

4 

17.4 

4 

14.3 

Feb.   15 

9.0 

15 

7.4 

15 

3.7 

Feb.    16 

12.8 

16 

9.0 

16 

4.1 

Feb.    17 

13.4 

17 

11.4 

17-18 

1 

5.0 
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Chattanooga. 

Clinton. 

Knoxville. 

Date. 

Rise. 

Date. 

Rise. 

Date. 

Rise. 

1887. 
Feb.    20 
Feb.    21 
Feb.    22 

10.6 
17.0 
19.0 

16 
17 
18 

9.0 
11.4 
12.2 

16 
17 
18 

4.1 
6.0 
6.0 

Feb. 
Feb. 
Feb. 

26 
27 
28 

25.3 
26.8 
27.3 

24 
25 
26 

18.2 
25.3 
26.4 

28 
24 
25 

8.2 
10.8 
12.4 

Mar. 
Mar. 
Mar. 

9 
10 
11 

16.0 
21.7 

24.0 

7 
8 
9 

8.1 
13.7 
20.8 

7 
8 
9 

5.7 

9.3 

11.8 

1888. 
Jan.      1 
Jan.      2 
Jan.      3 

8.0 
14.5 
14.7 

1 
2 
3 

8.4 
9.7 
9.9 

1 
2 
3 

5.3 
5.5 
5.7 

Jan. 
Jan. 
Jan. 

13 
14 
15 

11.2 
13.2 
14.5 

9. 
10 
11 

5.5 
10.5 
18.8 

9 

,    10 

11 

4.1 
5.0 
5.5 

Jan. 
Jan. 
Jan. 

17 
18 
19 

14.9 
21.4 
26.7 

16 
17 

18 

10.8 
12.1 
16.5 

16 
17 
18 

6.2 

8.4 

12.6 

Feb. 
Feb. 
Feb. 

24 
25 
26 

6.3 

9.4 

11.2 

24 
25 
26 

4.4 
7.8 
9.5 

24 

25 

26-27 

2.6 
3.4 
4.0 

Mar. 
Mar. 
Mar. 

25 
26 

27 

7.2 
11.6 
22.6' 

24 
25 
26 

8.5 

8.8 

12.5 

21 
22 
23 

3.2 
4.3 
5.5 

Mar. 
Mar. 
Mar. 

29 
30 
31 

19.8 
24.5 

27.0 

27 
28 
29 

11.5 
12.4 
13.4 

28 
29 
30 

6.8 
10.2 
13.3 

1889. 
Jan.      9 
Jan.    10 
Jan.    11 

• 

11.3 
12.2 
12.4 

8 

9 

10 

7.6 

7.8 

10.0 

8 

9 

10 

5.7 
4.6 

4.8 

Jan. 
Jan. 
Jan. 

21 
22 
-23 

11.3 
12.0 
12.3 

21 
22 
23 

5.9 
5.7 
7.4 

20 
21 
22 

3.3 
3.7 
4.0 

4 

Jan. 
Jan. 
Feb. 

30 
31 

1 

13.0 
14.0 
14.6 

28 
29 
30 

10.8 
13.0 
13.4 

27 

28 
29 

4.3 
5.4 

5.8 

Feb. 
Feb. 
Feb. 

16 
17 
18 

6.6 
20.0 
29.6 

• 

Feb. 
Feb. 
Feb. 

19 
20 
21 

29.2 
27.2 
29.0 

17 
18 
19 

13.5 
20.0 
25.8 

17 
18 
19 

6.6 
10.6 
15.0 

^'■^. 
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Chattanooga. 

- 

Clinton. 

Knoxville. 

Date. 

Rise. 

Date. 

Rise. 

Date. 

Rise. 

1890. 
Jan.    21 
Jan.     22 
Jan.    23 

7.0 

9.6 

13.0 

21 
22 
23 

10.5 
13.8 
16.5 

22 
23 
24 

6.1 
7.1 
7.3 

Feb. 
Feb. 
Feb. 

8 

9 

10 

11.5 
19.3 
20.4 

7 
8 
9 

10.4 
12.7 
15.8 

8 

9 

10 

4.2 
7.0 
7.2 

Feb. 
Mar. 
Mar. 

28 
1 
2 

34.8 
40.2 
42.5 

26 
27 

28 

23.8 
31.8 
35.5 

26 
27 

28 

12.9 
19.0 
23.0 

Mar. 
Mar. 
Mar. 

15 
16 
17 

9.7 
13.7 
15.1 

15 
16 
17 

14.7 
17.7 
17.8 

14 
15 
16 

4.0 
6.9 
7.2 

Mar. 
Mar. 
Mar. 

23 
24 
25 

20.0 
25.5 
27.2 

22 
23 
24 

19.9 
23.5 
24.9 

22 
23 
24 

7.0 
14.0 
14.6 

Dec. 
Dee. 
Dee. 

27 

28 
29 

9.4 
12.5 
12.9 

26 
27 

28 

11.0 
14.8 
19.8 

26 

27 
28 

3.6 
5.5 
6.4 

1891 
Jan. 
Jan. 
Jan. 

• 

3 
4 
5 

9.9 
14.1 
15.5 

2 

3 
4 

13.8 
19.0 
19.5 

2 
3 
4 

4.6 

8.5 
9.1 

Jan. 
Jan. 
Jan. 

11 
12 
13 

6.5 

8.9 

10.7 

10 
11 
12 

6.9 

8.0 

11.0 

11 
12 
13 

3.4 
3.6 
4.5 

Jan. 
Jan. 
Jan. 

22 
23 
24 

8.2 
12.5 
15.3 

21 
22 
23 

6.4 

9.5 

12.0 

22 
23 

24 

4.0 
5.6 
5.8 

Feb. 
Feb. 
Feb. 

3 
4 
5 

16.1 
19.8 
22.6 

2 
3 

4 

11. "fe 
14.5 
18.8 

2 
3 
4 

9.0 

9.4 

11.0 

Feb. 
Feb. 
Feb. 

12 
13 
14 

34.3 
36.5 
37.5 

10 
11 
12 

21.8 
29.5 
29.8 

9 
10 
11 

5.4 
14.9 
21.9 

Feb. 
Feb. 
Feb. 

23 
2A 
25 

24.0 
27.7 
29.0 

22 
23 
24 

15.9 
17.7 
18.4 

• 

21 
22 
23 

6.7 
15.7 
19.0 

Mar. 
Mar. 
Mar. 

9 
10 
11 

34.5 
37.5 
38.9 

7 
8 
9« 

18.8 
19.8 
27.2 

8 

9 

10 

11.7 
16.4 
16.9 

Mar. 
Mar. 
Mar. 

26 
27 

28 

10.4 
10.5 
14.1 

26 
27 
28 

9.0 
11.4 
11.7 

27 
28 
29 

6.2 
5.1 
6.8 

Apr. 
Apr. 
Apr. 

1 
2 
3 

15.4 
16.3 
16.3 

31 
1 
2 

10.4 
12.6 
14.0 

31 

1 
2 

6.0 
7.4 

1", 
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DECATUR,  ALA. 

The  danfi^er-line  at  Decatur  is  at  21  feet.  The  hkfhest  water,  28.7  feet,  occurred 
in  1867. 

The  difference  in  level  of  the  zeros  of  gauges  at  Decatur  and  Chattanooga  ^s 
92.9  feet. 

The  distance  from  Decatur  to  Chattanooga  is  160  miles. 

The  corresponding  wave-crest  water  stages  at  Chattanooga  and  Decatur  two 
days  later  are  as  follows : 


Chat- 

Decatur 

Chat- 

Decatur 

Chat- 

Decatur 

tanooga. 

two  days  after. 

tanooga. 

two  days  after. 

tanooga. 

two  days  after. 

15 

12.2    ±0.7 

29 

18.2 

42 

23.5 

16 

12.6 

30 

18.5    ±0.8 

43 

23.9 

17 

13.0 

44 

24.3 

18 

13.4 

31 

18.7 

45 

24.6 

19 

13.9 

32 

19.2 

20 

14.4    ±0.9 

33 

19.6 

46 

24.9 

34 

19.9 

47 

25.3 

21 

14.7 

35 

20.4 

48 

25.5 

22 

15.3 

49 

25.7 

23 

15.6 

36 

20.9 

50 

26.0 

24 

16.0 

37 

21.3 

25 

16.5 

38 

21.7 

51 

26.4 

39 

22.2 

52 

26.7 

26 

16.9 

40 

22.7 

53 

27 

17.3 

54 

28 

17.7 

41 

23.2 

55 

• 

FLORENCE,  ALA. 

The  danger-line  at  Florence,^  Ala.,  is  at  30.2  feet.  The  highest  water^  31.1 
feet,  occurred  in  1867.  f 

The  corresponding  wave-crest  water  stages  at  Chattanooga  and  at  Florence 
three  days  later  are  as  follows : 


Chatta- 
nooga. 

•  Florence, 
three  days 
after. 

Chatta- 
nooga. 

Florence, 

three  days 

after. 

Chatta- 
nooga. 

Florence, 

three  days 

after. 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 

11.7  ±0.8 
12.3 

12.7 
13.3 

13.8  ±1.3 

14.4 
15.1 
15.5 
16.1 
16.6 

17.3 
17.8 
18.4 

29 
30 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 

18.9 

19.6    ±2.3 

20.2 
20.6 
21.3 
21.7 
22.4 

■ 

23.3 
24.0 
24.7 
25.5 
26.4 

41 
42 
43 
44 
45 

46 
47 
48 
49 
50 

51 
52 
53 

27.2 
27.4 
27.5 
27.6 
27.6 

27.7 
27.7 

27.8 
27.8 
27.8 

27.9 
28.0 

JOHNSONVILLE,  TENN. 

The  danger-line  at  Johnsonville,  Tenn.,  is  at  21  feet. 

The  difference  in  level  of  the  zeros  of  gauges  at  Johnson ville  and  Chattanoogi 
la  311.8  feet. 
The  dtotenoe  iroax  Johnsonville  to  Chattanooga  is  360  miles. 
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The  coiTOsponding  wave-crest  water  stAges  at  Chattanooga  and  Johnsonville 
five  to  six  days  later  are  as  follows : 


Chatta- 

Johnsonville, 
five  or  six 

Chattsr 

Johnsonville, 
five  or  six 

Chatta- 

Johnsonville, 
five  or  six 

nooga. 

days  after. 

nooga. 

days  after. 

nooga. 

days  after 

32 

32.5 

40 

37.1 

47 

40.5 

33 

32.8 

48 

40.7 

34 

33.3 

41 

38.2 

49 

40.7 

35 

33.6 

42 

39.0 

50 

41.4 

43 

39.3 

^ 

36 

34.0 

44 

39.6 

51 

41.6 

37 

34.4 

45 

39.9 

52 

41.8 

38 

35.0 

53 

39 

1 

36.2 

46 

'       40.3 

Considerable  quantities  of  water  are  added  to  the  Tennessee  just  above  John- 
sonville by  the  Duck  River.    There  is  a  gauge  on  this  river  at  Columbia. 

The  following  table  gives  the  most  important  rises  at  Chattanooga  and  the  sub- 
sequent rises  at  Johnsonville: 


Chattanooga. 

Johnsonville. 

Chattanooga. 

Johnsonville. 

Date. 

Rise. 

Date. 

Rise. 

Date. 

Rise. 

Date. 

Rise. 

1875. 

1876. 

1886. 

1886. 

Dec.   31 

34.2 

Jan.      7 

28.9 

Jan.     5 

22.1 

Jan.    10 

25.1 

1876. 

Apr.     3 

52.2 

Apr.     9 

37.6 

Jan.    26 

15.7 

Jan.    26 

17.6 

Apr.  15 

42.1 

Feb.    17 

21.9 

Feb.   21 

20.3 

June  23 

16.0 

June  26 

17.4 

Mar.  18 

21.1 

Mar.   22 

23.0 

Dec.    22 

16.6 

Dec.    24 

14.5 

Mar.  27 

17.2 

Apr.     5 

25.8 

1887. 

1887. 

Apr.  16 

13.4 

Apr.   21 

13.9 

Jan.    26 

21.8 

Feb.     1 

27  8 

June  20 

23:4 

June  24 

17.5 

Feb.    28 

27.3 

Feb.    28 

31.4 

1877. 

1877. 

Mar.     7 

30.5 

Jan.    23 

27.0 

Jan.    24 

24.7 

Apr.   27 

21.2 

May     2 

14.9 

1879. 

1879. 

1888. 

1888. 

Dec.   16 

17.9 

Dec.    20 

27.5 

Jan.    19 

25.7 

Jan.    24 

,24.8 

Dec.   26 

21.9 

Dec.    30 

27.7 

Mar.  27 

22.6 

Apr.     1 

33.3 

1880. 

• 

1880. 

Mar.  31 

27.0 

Apr.     1 

33.3 

Feb.    16 

26.8 

Feb.    16 

24.9 

Apr.   12 

22.4 

Apr.   16 

22.6 

Mar.   13 

28.7 

Mar.  22 

37.7 

Oct.    28 

20.0 

Nov.     1 

15.7 

Mar.  18 

38.3 

Mar.   22 

37.7 

Nov.  12 

21.0 

Nov.  16 

19.8 

1882. 

1882. 

1889. 

1889. 

Jan.    14 

30.6 

Jan.    20 

36.5 

Feb.     1 

14.6 

Feb.      1 

16.9 

Jan.    20 

40.1 

Jan.    26 

42.1 

Feb.    18 

29.6 

Feb.    25 

29.2 

Jan.    31 

43.8 

1890. 

1890. 

Jan.    31 

30.3 

Feb.      7 

40.7 

Jan.    23 

13.0 

Jan.    23 

21.6 

Mar.     3 

22.0 

Mar.     9 

29.4 

Feb.    10 

20.4 

Feb.    11 

30.2 

1883. 

1883. 

Mar.     2 

42.5 

Mar.     8 

37.7 

Jan.    23 

38.2 

Feb.      2 

29.0 

Mar.   25 

27.2 

Apr.     1 

28.0 

Apr.     3 

26.2 

Apr.     9 

21.6 

Apr.   20 

20.4 

Apr.   25 

18.0 

Apr.  14 

18.7 

Apr.  20 

25.9 

May    22 

11.0 

May   28 

14.1 

1884. 

1884. 

Dec.    29 

12.9 

Jan.      3 

14.5 

Feb.     4 

25.5 

Feb.    10 

37.5 

1891. 

1891. 

Feb.    11 

36.8 

Feb.    17 

40.2 

Jan.      5 

15.5 

Jan.      9 

15.0 

Feb.    20 

27.0 

Feb.    28 

44.3 

Jan.    13 

10.7 

Jan.    16 

14.1 

Mar.  10 

42.8 

Mar.   16 

37.8 

Jan.    24 

15.3 

Jan.    29 

20.0 

Mar.  23 

27.6 

Mar.   29 

41.0 

Feb.    14 

37.5 

Feb.    13 

33.0 

1885. 

1885. 

Feb.    25 

29.0 

.Feb.    23 

36.1 

Jan.    18 

26.5 

Jan.    23 

30.0 

Mar.   11 

38.9 

Mar.  12 

38.2 

Apr.  21 

15.5 

Apr.   27 

15.4 

Mar.  28 

14.1 

Apr.     3 

27,0 

June     1 

18.6 

June     3 

13.8 

Apr.     2 

16.3 

Apr.   13 

19.2 

Nov.     1 

16.2 

Nov.     5 

13.0 

Apr.   15 

12.2 

Apr.   28 

12.2 

Nov.     9 

30.4 

Nov.  15 

23.0 

1  I>ec,   16    21,^]  Dec.    21 

18.8 
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CAIRO,  IL.L. 

The  dansrer-llne  at  Cairo  is  at  40  feet. 

The  highest  water,  52.2  feet,  occurred  February  27, 1883. 

The  water  that  passes  Cairo  drains  from  212,000  sq^uare  miles  in  the  Ohio  Val- 
ley,^ and  from  545,000  and  172,000  square  miles  additional  in  the  Missouri  and 
Upper  Mississippi  Valleys. 

There  is  available  for  predicting  the  river  stages  at  Cairo  the  stages  observed 
at  St.  Louis,  171  miles  above  on  the  Mississippi ;  at  Cincinnati,  498.5  miles  above, 
on  the  Ohio;  at  Nashville,  215  miles  above,  on  the  Cumberland,  and  at  Chatta- 
nooga,  495  miles  above,  on  the  Tennessee. 

Besides  the  water  passing  these  places  there  is  water  passing  Cairo  which 
drains  from  108,000  square  miles  of  arainage  area  in  addition  below  the  places. 
In  this  area  some  idea  can  be  formed  of  what  quantity  of  water  is  likely  to  come 
from  it  by  the  reading  of  the  gauges  at  Frankfort,  on  the  Kentucky  River,  The 
Wabash,  which  drains  36,460  square  miles,  is  the  principal  part  of  the  area. 
The  gauges  on  this  river  at  Mount  Carmel  and  Vincennes  have  not,  however, 
been  established  a  sufficient  length  of  time  to  make  the  records  of  much  use  in 
estimating  the  effects  of  rises  in  the  Wabash  on  the  subsequent  rise  at  Cairo. 

Some  idea  can  be  formed  of  the  rises  likely  to  take  place  at  Cairo  from  the  ob- 
served river  stages  at  Evansville,  and  in  certain  cases  from  the  observed  stages 
at  Paducah  in  combination  with  the  stages  at  St.  Louis. 

The  main  reliance  in  predicting  the  Cairo  stages  will  be  the  stages  at  St. 
Louis,  Cincinnati f  Nashville*  and  Chattanooga. 

The  stage  at  Cincinnati  is  the  principal  stage  producing  a  rise  at  Cairo. 

The  following  are  the  numbers  of  times  the  wave-creste  or  highest  stages  at 
Cairo  have  occurred  on  various  numbers  of  days,  from  three  to  fourteen,  after  the 
occurrence  of  a  crest  at  Cincinnati : 

Cairo  Crest  After  Cincinnati  Crest. 

[Nuinl)er  of  cases,  years  1858  to  1890.] 


Days  after 
Cincinnati. 

Cases. 

Days  after 
Cincinnati. 

Cases. 

3 
4 
5 
G 

7 
8 

1 
4 
5 
41 
9 
5 

9 
10 
11 
12 
13 
14 

3 
4 
2 
1 
0 
1 

The  following  give  the  principal  crest-stages  at  Cincinnati  and  Cairo  and  the 
stages  at  certain  dates  about  the  times  of  crests  at  Chattanooga,  Nashville,  and 
St.  Louis : 


Cairo. 

Cincinnati. 

Cairo. 

Cincinnati. 

Date. 

Stage. 

Date. 

Stage. 

Date. 

Stage. 

Date.   Stage. 

1858. 

June  16 

June  20 

June  22 

1859. 

Mar.  23 
Mar.  29 
Apr.     1 

48.9 
49.5 
49.5 

42.0 
45.0 
45.4 

10 
16 

17 
23 

32.0 
43.7 

26.3 
40.3 

1859. 

May     1 

May     7 

1860. 

Jan.    17 
Jan.    23 

Apr.  17 

41.6 
46.8 

33.0 
37.3 

22.7 

25        38.0 
1        51.3 

11        15.8 
17        47. 0 

11        20.1 
17        49. 1 

y 
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Cairo. 

Cincinnati. 

Cario. 

Cincinnati.   | 

D&te. 

Sto^e. 

Bate. 

Stage. 

Date. 

StJige. 

Date. 

Stage. 

I860. 

1866. 

Apr.  23 

32.0 

May     2 

42.0 

Apr.   24 

32.2 

3 

29.8 

1861. 

14 

27.8 

Dec.     9 
Dec.    15 

.  28.5 
29.5 

9 

31.7 

Jan.    20 

28.7 

20 

41.6 

Dec.    19 

31.0 

Jon.    26 

35.1 

1867. 

16 

45.0 

13 

18.7 

Feb.    n 

47.4 

22 

54.1 

Feb.    ig 

30.8 

IS 

36.9 

Feb.    26 

.50.2 

Feb.   22 

32.4 

Feb.    28 

49.7 

Feb.  25 

31.9 

9 

52.9 

14 

39.0 

Mar.  15 

50.4 

15 

55.7 

Apr.  20 

42.9 

20 

49.4 

Mar.  30 

51.0 

Apr.  24 

43.2 

Mar.  21 

01.0 

Apr.  26 

43.0 

15 

22.9 

4 

19.0 

Apr.  21 

37.9 

21 

35.8 

May    10 

31.9 

10 

35.9 

Apr.  25 

39.4 

May    10 

42.5 

Apr.  27 

39.3 

"ffc" 

43.1 

23 

18.1 

8 

26.3 

May   29 

33.6 

29 

30.2 

Jan.    14 

29.6 

14 

39.7 

June    4 

39.7 

Jan.    18 

33.2 

June     6 

40.2 

Jan.    20 

32.4 

1868. 

4 

27.2 

2 

41.6 

Jan.    10 

25.7 

10 

43.3 

Mar.     8 

44.9 

8 

66.2 

.Tan.    15 

31.0 

Mar.  14 

47.7 

.Tan.    16 

31.0 

Mar.  18 

47.9 

12 

31.5 

8 

27.3 

Mar.  18 

37.0 

18 

43.7 

May    14 

35.8 

14 

51.3 

Mar.   23 

40.4 

May    20 

38.7 

Mar.  24 

40.4 

May    23 

39.3 

12 

28.9 

24 

38.0 

Apr.  18 

.19.6 

18 

39.6 

Dec.    30 

30.9 

;io 

41.6 

Apr.  23 

42.7 

1866. 

Apr.  24 

42.6 

Jan.     4 

34.6 

Jan.     5 

34.6 

21 

23.9 

May     9 
May    15 

.18.1 
44.0 

3 
9 

21.6 
38.0 

Jan.    27 

31.3 

27 

36.8 

May    19 

45.6 

Feb.     1 

32.6 

1872. 

Feb.     2 

32.5 

22 

25.5 

Apr.     7 

Apr.   13 

Apr.   19 

1873. 

19.0 
36.2 
39.2 

7 
13 

15.9 
41.8 

Feb.    28 

33.9 

28 

.18.0 

Mar.    5 

36.7 

8 

32.2 

Mar.     6 

36.7 

Feb.    14 

29.4 

14 

24.2 

8 
14 

21.3 
31.4 

Feb.    20 

.18.7 

20 

41.4 

Mar.  14 

34.S 

Feb.    26 

41.6 

Mar.  19 
Mar.  20 

41.2 
40.8 

Mar.  31 

31.0 

24 
30 

26.6 
39.5 

21 

22.8 

Apr.     6 

35.7 

6 

36.4 

Apr.  27 

40.8 

27 

37.0 

Apr.  12 

40.6 

1 

May     1 

42.6 
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CAiro. 

Cincinnati, 
six  days. 

Chattanooga, 
six  days. 

Nashville, 
three  days. 

St.  ■ 
four 

Louis, 
'days. 

Date. 

Stage. 

Date. 

Stage. 

Date. 

Stage.. 

Date. 

Stage. 

Date. 

Stage. 

1873. 

May     12 
May     18 

Dec.       4 
Dec.     10 
Dec.     16 

Dec.     12 

Dec.     18 

Dec.     24 

1874. 

Jan.       7 
Jan.      13 
Jan.     20 

Jan.     27 

Feb.       2 

1875. 

Jan.       3 
Jan.        9 

May       2 
May       8 

Nov.     29 

Dec.       5 

1876. 

Dec.     30 
Jan.       5 
Jan.       8 

May       3 
May       9 

1877. 

Jan.      20 
Jan.      26 
Jan.     28 

Nov.    29 
Dee.      5 

34.4 
38.5 

18.0 
25.2 
32.0 

26.8 
33.5 
31.5 

11.9 
27.9 
29.3 

27.6 
33.0 

20.0 
24.4 

•30.3 
37.0 

19.9 
21.8 

25.9 
35.6 
39.0 

34.5 
37.7 

28.6 
36.4 
37.0 

17.8 
23.0 

6 
12 

28 

4 

10. 

12 

18 

1 

7 

13 

21 
27 

28.8 
38.7 

26.4 
25.5 
30.6 

28.8 
44.4 

13.3 
26.5 
46.8 

22.3 
35.9 

6 
12 

8 
12 

6 
10 

14 
15 
18 

^ 

9 
13 

23 
26 

27 

30 
3 
5 

28 
2 
3 

25 

29 

26 
30 

7 

29 
3 
6 

16 

17 
20 

25 
28 
29 

17.9 
20.9 

6.5 
5.9 

14.0 
15.3 
13.6 

6.3 
5.7 

8.4 
15.2 
14.2 

3.5 
2.3 
4.9 

19.9 
24.4 
24.6 

7.2 

5.9 

7.0 

7.0 

17.5 

28.4 
27.0 

27.8 
10.4 

10.2 
9.9 

11.2 
13.8 
13.4 

7 
10 

15 

18 

10 
13 

24 
27 
29 

31 
3 
5 

29 
2 
3 

26 

29 

27 

30 

1 

30 
3 

19.1 
26.2 

18.4 
11.9 

30.0 
30.5 

13.0 
20.0 
23.2 

21.7 
29.3 
30.2 

23.8 
33.8 
34.2 

16.4 

22.0 

16.8 
26.2 
28.9 

7.9 
7.6 

28 
3 

16.1 
33.2 

28 
3 
5 

26 
1 
2 

4.9 
12.5 
14.6 

8.5 
20.7 
19.0 

26 
2 

16.9 
24.6 

23 
29 

24 
30 

14.7 

29.8 

11.6* 
47.7 

23 
29 

24 
30 
31 

27 
3 
4 

14 

19 
20 

5.6 
6.8 

4.2 
33.0 
34.3 

6.2 
12.2 
13.2 
10.0 

23.6 
22.1 

27 
3 

17.9 
19.1 

14 
20 

32.4 
53.3 

17 

34.0 

20 
22 

26 

38.4 
40.5 

8.9 

23 
29 

8.5 
31.7 

23 
27 

29 

6.8 
15.0 
10.6 

29 
30 

13.7 
14.3 

'  **-*, .  -   _-.  •  • 
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BBPORT   OF   THE   CHIEF   SIGNAL   OFFICES. 


.    Pairn 

Cincinnati, 

ChattAnooga, 

Nashville, 

St.: 

Louis, 

\^aAi  f 

L». 

six 

days. 

six 

days. 

three  days. 

four  days. 

Date. 

Stage. 

Date. 

Stage. 

Date. 

Stage. 

Date. 

Stage. 

Date. 

Stage. 

1878. 

27 

10.8 

27 

7.8 

30 
31 

9.5 
11.2 

29 

16.6 

Jan.       2 

26.2 

2 

17.7 

2 

10.1 

2 

10.0 

2 

17.4 

Jan.       8 

24.1 

26 

24.2 

26 

6.5 

29 

8.2 

28 

11.6 

* 

• 

ao 

13.6 

Feb.       1 

25.4 

1 

25.2 

1 

1.6 

1 

20.1 

1 

12.4 

Feb.       7 

27.4 

7 

24.5 

7 

7.8 

10 

13.4 

9 
12 

15.8 

22.8 

Mar.    ,13 

32.9 

13 

30.2 

13 

7.4 

13 

16.5 

13 

22.6 

Mar.     19 

35.1 

16 
9 

10.6 
6.2 

14 
12 

17.5 
16.7 

11 

9.2 

9 

28.7 

Dec.     15 

27.2 

15 

41.3 

15 

10.0 

15 

16.9 

15 

8.6 

Dec.     21 
1879. 

26.8 

17 

11.7 

27 

32.3 

27 

7.4 

30 

12.5 

29 

9.8 

Feb.       2 

30.7 

2 

40.2 

2 

1.6 

2 

15.5 

31 

10.2 

Feb.       8 

34.0 

3 
27 

16.8 
21.7 

2 

26 

10.1 
12.9 

24 

30.3 

24 

6.8 

26 

6.9 

Mar.     30 

32.4 

30 

39.2 

30 

6.2 

30 

17.3 

30 

11.2 

Apr.      5 

31.5 

21 

8.0 

24 

21.1 

23 

5.0 

21 

17.6 

26 

21.9 

Dec.     27 

31.2 

27 

42.8 

27 

• 

21.6 

27 

34.6 

27 

4.0 

1880. 

• 

Jan.       2 

37.2 

28 
14 

35.4 
42.2 

13 

8.6 

11 

14.0 

n 

4.4 

Feb.     17 

.35.7 

17 

53.2 

17 

26.8 

17 

43.9 

17 

10.2 

Feb.     23 
Feb.     24 

43.0 
43.4 

19 

44.5 

20 

11.6 

13 

11.1 

12 

43.6 

12 

28.4 

15 

43.7 

14 

11.6 

Mar.     18 

44.2 

18 

41.2 

18 

38.3 

18 

46.1 

18 

10.0 

Mar.     24 

44.5 

20 
5 

46.5 
24.1 

4 

4.8 

2 

10.5 

2 

23.4 

Doc.       8 

26.2 

8 

37.0 

8 

17.4 

8 

25.4 

8 

4.8 

Dec.     14 

30.2 

1881. 

18 

23.3 

18 
23 

8.6 

18.8 

21 

28.3 

20 

8.6 

Jan.      24 

29.7 

24 

35. 8 

24 

17.4 

24 

32.8 

24 

8.4 

Jan.      30 
Feb.     10 

31.6 
22.0 

■ 

25 

33.0 

11 
12 

18.0 
17.4 

4 
10 

18.2 
34. 8 



10 
13 

13.6 
22.4 

"13" 

""i4."8* 

Feb.     16 

38.8 

16 

50.5 

16 

14.7 

16 

13.8 

16 

13.6 

Feb.     22 

41.7 
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C^Aiw^ 

Ginoinnati, 

Chattanoog'a, 

Nashville, 

St.. 

Louis. 

^airn 

^' 

six 

days. 

iix 

days. 

three  days. 

four 

'  days. 

Date. 

Stage. 

Date. 

Stage. 

Date. 

Stage. 

• 

Date. 

Stage. 

Date. 

Stage. 

1881. 

> 

12 

28.0 

12 

6,1 

15 

8.8 

14 

19.4 

Mar.    18 

32.6 

18 

30.5 

18 

10.6 

18 

9.0 

18 

21.7 

Mar.    24 

39.5 

20 
11 

19.3 

8.7 

23 
14 

18.4 
19.0 

20 
13 

22.3 

27.0 

11 

35.6 

15 

18.0 

16 

31.8 

Apr.    17 

44.8 

17 

42.6 

17 

16.0 

'     17 

31.5 

17 

27.8 

Apr.    23 

45.1 

• 

9 

10.7 

9 

4.0 

12 
13 

11.9 
13.9 

11 

20.8 

June    15 

23.1 

15 

35.0 

15 

3.6 

15 

10.5 

15 

22.4 

June    21 
June    22 

30.5 
30.8 

21 

24.7 

1882. 

Jan.     10 

37:1 

10 

37.6 

10 

29.5 

13 

45.1 

12 

12.6 

Jan.     16 

42.2 

16 

48.5 

16 

30.2 

16 

49.3 

16 

13.2 

Jan.     22 

46.0 

19 
15 

40.2 
20.5 

18 

37.4 

.  17 

10.3 

15 

45.2 

Feb.     21 

47.4 

21 

58.6 

21 

15.5 

21 

38.0 

21 

27.5 

Feb.     27 

61.7 

22 

38.3 

• 

22 

20 
23 

28.2 

18.2 
18.8 

18 

26.7 

18 
19 

10.1 
11.5 

'""21' 

""i7."r 

Mar.    24 

42.4 

24 

46.9 

24 

9.8 

24 

19.2 

24 

18.5 

Mar.    30 

41.6 

10 

4.9 

May     10 

35.0 

10 

30.7 

14 

6.8 

14 

16.5 

12 

24.4 

May     16 

41.7 

16 

46.4 

16 

5.7 

16 

15.5 

16 

24.1 

Aay     22 

1883. 

42.5 

18 

15.2 

IR 

2;j 

17.0 
38.2 

21 

19.8 

20 

5.7 

Jan.     24 

20.6 

24 

31.3 

24 

37.9 

24 

30.2 

24 

5.2 

Jan.     30 

30.7 

25 
12 

30.3 
40.3 

9 

14.8 

Feb.      9 

33.0 

9 

56. 3 

10 

.  17. 6 

14 

41.6 

11 

5.8 

Feb.     15 

43. 3 

15 

66.3 

15 

13.1 

15 

41.5 

15 

20.0 

Feb.     21 

61.8 

18 

25.8 

* 

6 

33. 5 

3 

43.  a 

3 

26.2 

7 

35.  8 

5 

15. 4 

Apr.      9 

41.6 

9 

40.5 

9 

17.0 

9 

35.4 

9 

17.0 

Apr.     15 

44.2 

10 

17.2 

•^ 

17 

16.8 

17 

2.5 

20 

6.7 

19 

10.8 

Nov.    23 

20.7 

23 

»»±  •  fci 

23 

6.2 

2:^ 

9.6 

23 

11.4 

Nov.    29 

1884. 

28.0 

25 

10.9 

28 

16.7 

22 

11.2 

22 

5.5 

25 

30.0 

24 

5.4 

Dec.     28 

28.5 

28 

49.5 

28 

13.0 

28 

33.7 

28 

4.6 

Jan.       3 

• 

35.3 

1    * 

28 

16.0 

28 

8.6 

31 

21.1 

30 

11.0 

Feb.      3 

28.7 

3 

49.6 

3 

24.6 

3 

34.4 

3 

9.5 

F^b.      9 

43.8 

4 

25. 5 

6 

15.5 

I 

J*  r—- 
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REPORT  OF  THE   CHIEI*  SIGNAL   OFFICES. 


i^a\^r^ 

Cincinnati, 

Chattanooga, 

Nashvillle, 

St.  Louis, 

V/air' 

Urn 

six 

days. 

six 

days. 

three  days. 

four 

days. 

Date. 

Stage. 

Date. 

Stage. 

Date. 

Stage. 

Date. 

Stage. 

Date. 

Stage. 

1884. 

30 

21.2 

30 

7.5 

2 

31.3 

1 

11.6 

Feb.       6 

34.2 

5 

53.5 

5 

20.4 

5 

37.8 

5 

12.7 

Feb.     11 

45.8 

6 
4 

15.5 
10.4 

2 

47.1 

2 

19.5 

«  w  9  «  9  » 

5 

37.8 

6 

15.5 

Feb.       8 

42.3 

8 

62.9 

8 

21.7 

8 

40.4 

8 

.14.2 

Feb.     14 
Feb.     22 

48.2 
51.8 

_______ 

11 

36.8 

5 

53.5 

5 

20.4 

8 

40.4 

7 

15.0 

Feb.     11 

45.8 

11 

66.8 

11 

36.8 

11 

42.6 

11 

10.8 

Feb.     17 
Feb.     22 

50:3 
51.8 

15 

47.2 

14 

14.4 

V  *  ^  «  ^  w 

8 

62.9 

8 

21.7 

11 

36.8 

11 

42.6 

10 

11.8 

Feb.     14 

48.2 

14 

71.1 

14 

31.0 

14 

46.4 

14 

14.4 

Feb.     20 
Feb.     22 

51.5 
.   51.8 

15 

47.2 

19 

15.6 

5 

19.0 

10 

42.8 

14 

47.9 

Mar.     11 

36.1 

11 

40.9 

11 

42.3 

16 

48.3 

13 

10.0 

Mar.     17 

42.1 

17 

49.6 

17 

24.9 

17 

47.8 

17 

10.4 

Mar.     23 

47.2 

1885. 

14 

17.6 

. 

Jan.     14 

32.9 

14 

24.2 

18 

26.5 

17 

30.8 

16 

14.6 

Jan.     20 

36.8 

20 

46.0 

20 

18.4 

20 

37.4 

20 

12.3 

Jan.     26 

39.0 

21 
5 

37.8 
10.4 

4 

18.t) 

2 

10.8 

2 

6.1 

Apr.      8 

25.7 

8 

33.0 

8 

5.8 

8 

12.0 

6 

20.8 

Apr.-  14 
1885. 

31.5 

9 

12.7 

8 

20.0 

15 

26.5 

15 

4.4 

18 

7.7 

17 

18.8 

Apr.     21 

31.0 

21 

36.8 

21 

15.5 

21 

17.2 

21 

20.2 

Apr.     27 
Apr.     28 

38.0 
38.2 

22 

19.4 

31 

12.5 

6 

6.5 

6 

11.2 

8 

12.0 

Nov.      6 

18.0 

6 

16.2 

9 

30.4 

9 

22.3 

9 

12.6 

Nov.     12 

25.3 

12 

20.0, 

12 

18.4 

12 

26.1 

12 

11.6 

Nov.     18 

25.6 

^ 

11 

13.5 

11 
16 

10.8 
21.4 

14 

13.0 

13 

4.1 

Dec.     17 

18.6 

17 

30.1 

17 

19.4 

17 

20.1 

17 

2.2 

Dec.     23 
1886. 

24.5 

18 

21.2 

Feb.     12 

23.8 

12 

21.7 

12 
14 

9.0 
13.1 

13 
14 

23.2 
19.7 

"""15* 

'"'32.1' 

Feb.     18 

37.4 

18 

40.5 

18 

8.5 

18 

35.3 

18 

16.4 

Feb.     24 

37.7 

3 

52.8 

3 

52.2 

6 

47.6 

5 

7 

22.2 
22.0 

Apr.      9 

47.8 

9 

55.8 

9 

38.2 

9 

48.9 

9 

21.3 

Apr.     15 
Apr.     19 

50.2 
61.0 

10 

49.3 
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nair^ 

Cincinnati, 

Chattanooga, 

t 

;     Nashville, 

St. 

Louis, 

V^OXI 

vr. 

six 

days. 

six 

days. 

:    three  days. 

four  days.   . 

Date. 

Stage. 

Date. 

Stage. 

Date. 

1  Stage. 

1 

1  Date. 

1 

1 
Stage. 

Date. 

Stage. 

1886. 

1 

1 

10 

29.2 

10 

10.0 

"      13 

28.9 

12 

25.5 

1 

13 

27.0 

May      10 

39.1 

16 

36.8 

16 

7.8 

16 

14.5 

16 

2(5.5 

May     22 

38.2 

.18 

6.1 

17 

2.4 

20 

8.7 

19 

5.8 

Nov.     23 

7.4 

23 

23. 5 

7.0 

23 

20.8 

23 

5.7 

Nov.     29 

23.0 

29 

30.2 

28 

13.7 

27 

22.8 

Dec.       4 

19.9 

/ 

14 

10.2 

14 

8.2 

17 

6.7 

16 

3.2 

Dec.     20 

10.3 

20 

24.7 

20 

14.0 

20 

16.4 

20 

4.1 

Dec.     26 
Dec.     27 

20.9 
21.1 

22 

16.6 

23 

20.9 

1887. 

- 

26 

21.8 

30 

43.0 

30 

13.8 

37.0 

1 

6.8 

Feb.       5 

38.8 

5 

56.2 

19.0 

5 

41.5 

m 

0 

5.4 

Feb.     11 

43.6 

Feb.     22 

45.9 

22 

45.1 

22 

1      19.0 

25 

38. 5 

24 

16.4 

Feb.     28 

47.0 

28 

54.5 

28 

27.3 

28 

43.8 

28 

15.1 

Mar.      6 
Mar.      9 

47.3 
48.5 

2 

44.2 

19 

22.2 

# 
19 

4.4 

11.6 

21 
24 

15.4 
19.5 

Apr.     25 
May       1 

1888. 

30.3 

25 

49.3 

25 

18.0 

25 

16.1 

25 

19.0 

39.3 

27 

21.2 

26 

17.8 

24 

17.5 

24 

6.3 

27 

12.8 

26 

15.6 

Mar.       1 

28.7 

1 

24.1 

1 

8.0 

1 

15. 0 

1 

13.8 

Mar.      7 

26.8 

25 

23.5 

25 

7.2 

28 
30 

33.0 
39.2 

27 

28 

24.8 
25.6 

Mar.     31 

43.8 

31 

39.8 

31 

27.0 

31 

39.1 

31 

23.4 

Apr.      6 

45.2 

20 

6.2 

20 

2.0 

23 

10.1 

2^ 

16.1 

Aug.    26 

19.1 

26 

32.0 

26 

4.2 

26 

12.4 

26 

15.3 

Sept.      1 

24.1 

• 

w 

23 

28.0 

23 

28 

4.9 
20.0 

2G 

6.6 

25 

5.4 

Oct.      29 

16.2 

29 

33.0 

29 

18.5 

29 

11.0 

29 

5.4 

Nov.      4 

22.4 

31 
6 

16.2 
6.8 

5 

5.3 

3 

27.8 

3 

7.4 

Not.      0 

20.2 

9 

33.5 

9 

5.8 

9 

17.4 

9 

6.4 

Not.     16 

31.4 

1889. 

3 

22.3 

3 

5.6 

6 

15.2 

5 

4.9 

Jan.       9 

17.9 

9 

31.5 

9 

11.3 

9 

21.8 

9 

5.0 

Jan.     15 
Jan.     21 

26.1 
30.7 

11 

12.4 

10 

23.4 

V 
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BEPOBT   OF   THE' CHIEF   SIGNAL   OFFICER. 


faiT'^ 

Cincinnati, 

Chattanooga, 

Nashville, 

St. 

Louis, 

V/ttXl 

\j* 

six 

days. 

six 

days. 

three  days. 

four  days. 

Date. 

Stage. 

Date. 

Stage. 

Date. 

Stage. 

Date. 

Stage. 

Date. 

Stage. 

1889. 

1 

16 

14.4 

16 

6.6 

19 

31.8 

18 

>7 

18 

29.6 

21 

35.8 

Feb.     22 

28.1 

22 

38.1 

22 

27.1 

22 

35.2 

•22 

5.6 

Feb.     28 

32.1 

• 

3 

16.2 

3 

6.9 

6 
8 

13.4 
14.2 

5 

16.6 

Mar.      9 

27.1 

9 

27.8 

9 

6.3 

9 

13.4 

0 

13.3 

Mar.     15 

23.8 

14 

17.4 

14 

19 

5.8 
10.7 

17 

19.2 

16 

15.0 

Juno     20 

29.2 

20 

28.9 

20 

28.9 

20 

25.4 

20 

16.6 

June    26 

33.5 

21 

25.9 

22 

18.4 

1800. 

■ 

15 

34.5 

15 

4.6 

18 

25.1 

18 

14.4 

Jan.      21 

43.7 

21 

43.8 

.   21 

7.0 

21 

35.2 

21 

10.5 

Jan.     27 

42.6 

23 
5 

13.0 
7.2 

24 
8 

35.7 
33.7 

7 

11.2 

5 

35.0 

10 

20.4 

Feb.     11 

38.3 

11 

43.2 

11 

.  17.8 

11 

37.4 

11 

10.4 

Feb.     17 
1890. 

41.8 

12 

38.1 

16 

11.2 

"**''"" 

23 

43.0 

23 

7.2 

26 

37.3 

25 

28 

8.6 
9.1 

Mar.      1 

42.1 

1 

56.8 

1 

%  40.2 

1 

47.2 

1 

8.4 

Mar.      7 
Mar.    12 

47.2 
48.8 

2 

42.5 

6 

50.6 

20 

46.5 

20 
25 

11.7 
27.2 

23 

37.5 

22 

11.5 

Mar.     26 

46.7 

26 

59.1 

26 

26.0 

26 

40.6 

26 

11.7 

Apr.      1 
Apr.      3 

48.5 

48.7 

28 

40.9 

30 

15.0 

22 

37.0 

23 

11.9 

24 

28.3 

24 

40.3 

24 

11.6 

27 

19.6 

26 

14.0 

May     30 

33.8 

30 

41.3 

30 

7.4 

30 

19.2 

30 

12.4 

June      5 

30.6 

1891. 

31 

25.9 

31 

9.3 

3 

20.3 

2 

3.7 

Jan.       6 

28.5 

6 

48.7 

6 

15.2 

6 

23.3 

6 

4.7 

Jan.      ]2 

32.2 

19 

41.5 

19 

18.2 

22 

20.9 

21 

4.8 

Feb.     25 

44.3 

25 

57.3 

25 

29.0 

25 

27.3 

25 

10.7 

Mar.      3 
Mar.      4 

46.1 
46.2 

26 

29.1 

27 

11.5 

6 

33.0 

6 
11 

20.0 
38.9 

8 
9 

7.6 
8.0 

..--. 

'""47."9' 

Mar.     12 

44.8 

12 

43.3 

12 

37.6 

12 

48.7 

12 

7.8 

Mar.     18 

44.5 

13 
3 

49.2 
26.3 

3 

19.4 

1 

15.4 

Apr.      1 

42.8 

1 

37.7 

2 

16.3 

4 

26.2 

Apr.      7 

44.7 

7 

43.5 

7 

11.6 

7 

19.2 

7 

18.5 

Apr.     13 

43.3 

BEPOBT  OF  THE  CHIEF   SIGNAL   OFFICEB. 


131 


After  trying  various  methods  of  predicting  Cairo  stages  from  the  stages  at 
points  above,  the  following  was  found  to  give  the  most  satisfactory  results: 

When  the  river  at  Cincinnati  h«s  been  rising  for  at  least  six  days  and  has 
reached  a  crest,  the  rise  at  Cairo  in  the  next  six  days  will  be  equal  to  the  rise  at 
Cincinnati  in  the  preceding  six  days  multiplied  by  the  mean  stage  at  Cincinnati 
on  the  day  of  the  crest  and  six  days  before  and  by  the  factor  0.69  plus  the  three- 
day  rise  at  Nashville  preceding  the  day  of  the  Cincinnati  crest,  multiplied  by 
the  mean  stage  at  Nashville  on  the  day  of  the  crest  and  three  days  before  and 
by  the  factor  0.62  plus  the  rise  at  Chattanooga  in  six  days  preceding  the  Cin- 
cinnati crest,  multiplied  by  the  mean  stage  at  Chattanooga  on  the  day  of  the 
Cincinc^ti  crest  ana  six  days  before  and  the  factor  0.42  plus  the  four-day  rise  at 
St.  Louis  preceding  the  Cincinnati  crest,  multiplied  by  the  mean  stage  at  St. 
Loui:)  on  the  day  of  the  Cincinnati  crest  and  four  days  before  and  the  fa<;tor0.32, 
the  whole  sum  divided  by  the  stage  at  Cairo  on  the  day  of  the  Cincinnati  crest 
and  multiplied  by  a  factor  given  below  dependent  on  the  sti^e  of  the  river  at 
Cairo. 


Cairo 
stage. 

Factor. 

Cairo 

stage. 

Factor. 

Cairo 
stage. 

Factor. 

15 

.365 

1 

27 

28 

.324 
.  319  i 

40 

.237 

16 

.362 

2^) 

.314 

41 

.227 

17 

.360 

30 

.308 

42 

.216 

18 

.357 

43 

.204 

19 

.355 

31 

.304 

44 

.194 

20 

.353 

32 

.300 

45 

.182 

3;} 

.294 

21 

.352 

34 

.287 

46 

.171 

22 

.347 

35 

.283 

47 

.159 

23 

.343 

1 

48 

.150 

24     ' 

.337 

36 

.276 

49 

25 

.334 

37 
38 

.270 
.258 

50 

26 

.329 

39 

.248 

i 

When  the  changes  are  falls  Instead  of  rises  they  enter  the  sum  with  a  minus 
8i^. 

The  agreement  between  the  observed  stages  at  Cairo  and  the  stages  computed 
according  to  the  rule  given  is  shown  below  for  all  the  important  riaes  for  which 
there  are  records. 

The  probable  errors  of  computed  stages  according  to  this  rule  are  for  stages 
from  20  to  30  feet,  ±2.2  feet,  30  to  35  feet,  ±2  feet;  35  to  45  feet,  ±0.9  feet;  45 
to  50  feet  or  over,  ±1.4  feet. 

Cairo  Stages  and  Rises  in  Six  Days  and  to  Crests. 


Date. 

Stage. 

Rise  in 

six 

days. 

Additional 

rise  to  crest 

in  feet. 

Com- 
puted 
rise. 

Resid- 
uals. 

Com.— 
obs. 

1875. 
Jan.     3 
May     2 
Nov.  29 
Dec.   30 

1876. 
Mav     7 

1877. 
Jan.    20 
Nov.  29 

20.0 
30.3 
19.0 
25.9 

35.0 

28.6 
17.8 

4.4 
6.7 
1.9 
9.7 

6.9 

7.8 
5.2 

7.5 

3.9 

5.1 

14.0 

0.2 

8.6 
7.6 

3.1 

—2.8 

3.2 

4.3 

—6.7 

0.8 
2.4 

3. 4  in  3  days 
0. 3  in  1  day 
0. 6  in  2  days 

<.  .  V*  i" 
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Additional 
in  feet. 


Reeid- 

Com.— 


1878. 

Feb.     1 
Mar.  13 

1879. 
Dec.    27 


Mar.  ]8 
Apr.  17 
June  15 

JS»2. 
Feb.    21 

1683. 
.Tan.    24 


Feb.  .1 
Feb.  5 
Feb.     8 

Feb.  11 
Feb.    14 

1865. 
Apr.     8 
Apr.   21 
Nov.     7 
Dee.   17 


May 


Apr.  25 

1888. 
Mar.  1 
Mar.  31 
Aug.  26 
Oct.  29 
Nov.    B 

1889. 
Jan.      9 


Feb.  11 

Mar.  1 

Mar.  26 

May  28 


3. 6  in  8  days 
1,5  in  5  days 
0.  .3  in  2  days 


2.6 
-0.6 

0.8 
—1.0 

—2.4 

1.1 
~S.fl 
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Another  rule  derived  for  Cairo,  which  does  not,  however,  give  as  good  results 
u  the  above,  is  aa  followe: 

JSble.— The  eix-day  rise  at  Cairo  after  a  crest  at  CiDclnnati  is  equal  to  the  six- 
day  rise  at  CinciimaU  multiplied  by  0.37,  plus  the  six-day  rise  at  Chattanooga 
multiplied  by  0.38,  plus  the  three-day  rise  at  Naahville  multiplied  by  0.31,  and 

EluB  tne  four-day  rise  at  St.  Louis  multiplied  by  1.3,  the  whole  sum  multiplied 
y  a  factor  equal  to  0.30  plus  50  minus  the  square  of  gauge  reading  at  Cairo  on  ' 
day  of  Cincluoati  crest,  aivided  by  1,900.    The  factor  is  as  follows: 

Tbie  factor  for  stages  from  25  to  60  feet  is  given  in  table  below. 


Cairo. 

Cairo. 

Cairo. 

Stage. 

Factor. 

Stage. 

Factor. 

Stage. 

Factor. 

26 

0.61 

36 

0.42 

43 

a33 

27 

.  0.69 

44 

0.32 

28 

0.57 

36 

0.40 

46 

0.31 

37 

30 

0,51 

38 

0.37 

46 

0.31 

39 

0.36 

47 

0.H 

40 

32 

0.47 

49 

0.30 

33 

0.46 

41 

0.35 

60 

0.30 

34        0.43 

42 

0.34 

Tba  probabla  errors  of  computed  stages  according  to  this  rule  are  as  follows : 
Pot  stages  from  20  to  30  feet,  ±2.1;  30  lo  35  feet,  ±2.3;  35  to45feet,  ±1.4;  45  to 
50  feet  or  more,  ±2.3. 

The  comparative  crests  at  Cincinnati  and  those  following  at  Cairo  are  shown 
lathe  following  table,  with  the  average  stages  also  at  Chattanooga,  Nashville, 
and  St.  Louis : 


5 

a 

1 

1 

i 

3 

^ 

1 

1 

1 

17 
IB 
19 
20 

21 
22 
23 
24 
25 

28 
27 
28 
29 
30 

'0 

10 

17 

24.0 
24.3 
24.fi 

E5.0 

25.3 
25.fi 
25,8 
20.3 

21!.  C 

26.8 
27.5 

28.1 
28.5 
20.2 

31 

33 
34 
35 

36 
37 

38 
39 
40 

41 

42 
43 

29.7 
30.3 
3a9 
31.5 
32.3 

32.8 
33.6 
34.4 
35.2 
35.7 

36.4 
37.1 
37.7 

14 

" 

13 

10 

23 

12 
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i 

0 
u 

1 
1 

08 

6 

6 

> 

1 

St.  Louis. 

■si 

2" 

Cincinnati. 

• 

1 

e8 

6 

• 

> 

1 

55 

• 
• 

CO 

Cairo,  six  days 
after. 

44 
45 

46 
47 
48 
49 
50" 

51 
52 
53 
54 
55 

56 

1 

38.5 
39.3 

40.1 
41.0 
41.8 
42.7 
43.4 

44.2 
45.0 
45.7 
46.5 
47.3 

48.0 

57 
58 
59 
60 

61 
62 
63 
64 
65 

66 
67 
68 
69 
70 

48.5 
48.8 
49.2 
49.6 

49.8 
50.2 
50.6 
51.0 
51.3 

51.6 
51.8 

18 

30 

12 

• 

37 

.  46 

14 

28 

39 

15 

When  the  sta^s  at  Chattanooga,  Nashville,  and  St.  Louis  dilTer  from  the  above 
the  Cairo  stage  is  to  be  correct^  as  follows: 

For  Chattanooga  above  or  below  the  stage  given  ±0.31  times  diflference. 

For  Nashville  above  or  bolow  the  stage  given  ±0.06  times  difference. 

For  St.  Louis  above  or  below  the  st€ige  given  ±0.17  times  difference. 

The  examination  of  Cairo  crests  with  reference  to  Evansville  crests  is  of  no 
particular  value. 

Paducah  is  45.5  miles  above  Cairo.  The  difference  in  height  above  sea^level 
of  the  zeros  of  the  gauges  is  17.6  feet. 

The  comparative  crests  are  as  follows,  which  do  not,  however,  give  the  Cairo 
stage  accurately  because  of  the  water  coming  from  the  upper  Mississippi  River: 


Crests. 

Crests. 

Paducah. 

Cairo,  same 
day. 

Paducah. 

Cairo,  same 
day. 

32 
'33 
34 
35 

36 
37 
38 
39 
40 

41 
42 
43 

34.1 
.-^4.9 
35.7 
36.5 

37.3 

38.1 

39 

40 

41 

42 
43 
44 

44 

45 

46 
47 

48 
49 
50 

51 

'    52 

53 

54 

1    55 

I 

45 
46 

47 

48 

48.8 

49.6 

50.4 

61.1 
51.8 

The  rises  at  Cairo,  on  tho  avei'R^e,  are  to  those  at  Paducah  as  1.0  to  0.8. 
The  rise  at  Cairo  corresponds  with  the  rise  at  Paducah  when  the  upper  Mia* 
sissippi  is  stationary,  as  shown  by  the  stages  at  St.  Louis. 

When  the  Paducah  stage  is  stationary  the  rise  at  Cairo  in  three  days  is  equal 
to  the  riso  at  St.  Louis  in  tho  preceding  three  days  multiplied  by  1.03  and  a 
factor  equal  to  the  St.  Louis  htage  divided  by  the  Cairo  sta^e. 
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The  Important  stages  at  Cairo,  Paducah,  and  St.  Louis  since  1875  are  given 
below : 


Cairo. 

Paducah. 

St.  Louis. 

Date. 

Stage. 

Date. 

Stage. 

Date. 

Stage. 

1875. 

1 

30 

3.6 

Jan.     2 

18.6 

2 

20.0 

2 

»  2.5 

Jab.     5 

22.1 

5 

24.8 

5 

4.9 

Jan.     8 

24.6 

8 

26.8 

'\ 

28 

19.9 

May     1 

28.7 

1 

19.6 

1 

22.0 

May     4 

34.2 

4 

22.9 

4 

24.2 

May     7 

37.6 

7 

28.1 

24 

7.4 

Nov.  27 

17.6 

27 

15.9 

27 

6.6 

Nov.  30 

21.4 

30 

22.2 

30 

5.2 

Dec.     2 

23.0 

2 

23.5 

1876. 

30 

7.0 

Jan.     2 

32.3 

2 

34.9 

2 

7.2 

Jan.     5 

35.7 

5 

37.3 

5 

16.0 

Jan.     8 

39.0 

8 

36.5 

5 

25.6 

May     8 

36.4 

8 

26.0 

8 

30.0 

May   11 

40.5 

11 

29.2 

11 

32.0 

May   14 

42.2 

14 

30.5 

10 

21.5 

June  13 

25.4 

13 

13.8 

13 

21.9 

June  16 

26.3 

16 

19.2 

16 

23.2 

June  19 

32.6 

19 

22.8 

1877. 

19 

10.0 

Jan.    22 

32.3 

22 

34.4 

22 

10.0 

Jan.    25 

35.7 

25 

37.0 

25 

9.8 

Jan.    28 

37.0 

28 

37.5 

25 

11.2 

Nov.  28 

16.9 

28 

12.6 

28 

13.8 

Dec.     1 

19.8 

1 

14.5 

1 

11.6 

Dec.     4 

23.6 

4 

15.0 

1878. 

26 

14.8 

Dec.   29 

21.4 

29 

13.3 

29 

16.6 

Jan.      1 

25.1 

1 

16.0 

1 

17.4 

Jan.     4 

27.0 

4 

19.1 

27 

10.4 

Jan.    30 

22.8 

30 

19.1 

30 

13.6 

Feb.     2 

26.4 

2 

21.8 

2 

12.0 

Feb.     5 

27.8 

5 

24.3 

8 

16.4 

Mar.  11 

30.0 

11 

23.5 

11 

21.8 

Mar.  14 

34.0 

14 

24.8 

14 

22.2 

Mar.  17 

35.7 

17 

28.6 
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Cairo. 

• 

Paducah. 

St.  Louis. 

Date. 

Stage. 

Date. 

Stage. 

Date. 

Stage. 

1878. 

20 

15.8 

Apr.  23 

27.0 

23 

18.9 

23 

18.5 

Apr.  26 

34.1 

26 

25.9 

26 

21.6 

Apr.  29 

37.0 

29 

29.0 

1879. 

17 

8.7 

Jan.    20 

29.6 

20 

34.1 

20 

8.6 

Jan.    23 

34.9 

23 

37.3 

23 

8.6 

Jan.    26 

36.0 

26 

38.0 

8 

11.0 

Dec.    11 

20.3 

11 

18.3 

11 

13.1 

Dec.   14 

28.4 

14 

24.9 

14 

13.0 

Dec.  17 

30.0 

17 

26.9 

24 

4.5 

Dec.   27 

31.2 

27 

32.8 

27 

4.0 

Dec.   30 

35.7 

30 

36.8 

30 

5.4 

1880. 

Jan.      2 

37.2 

37.0 

15 

9.4 

Feb.    18 

37.2 

18 

36.8 

18 

11.0 

Feb.   21 

41.2. 

21 

40.1 

21 

11.6 

Feb.   24 

43.4 

24 

42.0 

3 

4.1 

Dec.     6 

20.4 

6 

21.0 

6 

5.3 

Dec.     9 

29.1 

9 

31.2 

9 

4.7 

Dec.    12 

31.5 

12 

31.5 

1881. 

19 

8.6 

Jan.    22 

25.2 

oo 

26.0 

22 

8.5 

Jan.    25 

31.0 

25 

31.3 

25 

8.2 

Jan.    28 

32.6 

28 

32.3 

16 

20.1 

Mar.  19 

33.8 

19 

25.7 

19 

22.2 

Mar.  22 

38.6 

22 

31.0 

22 

21.1 

Mar.  25 

39.6 

25 

32. 3 

11 

26.2 

Apr.  14 

41.0 

14 

QO    O 

14 

27.4 

Apr.  17 

44.8 

17 

37. 0 

17 

27.8 

Apr.  20 

45.8 

20 

38. 3 

13 

21.8 

June  16 

24.1 

16 

12.4 

.       16 

22.3 

June  19 

28.2 

19 

18.8 

19 

2:18 

June  22 

30.8 

oo 

19.0 

1882. 

17 

10.3 

Feb.    20 

46.1 

20 

45.8 

20 

18.2 

Feb.    23 

50.8 

23 

48.5 

23 

27.1 

Feb.    26 

51.9 

26 

50.0 
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Cairo. 

Paducah. 

St.: 

Louis. 

Date. 

Stage. 

Date. 

Stage. 

Date. 

Stage. 

1883. 

21 

5.8 

Jan.    24 

20.6 

24 

20.3 

24 

5.2 

Jan.    27 

26.7 

27 

27.0 

27 

5.8 

Jan.    30 

30.7 

30 

28.4 

21 

10.0 

Nov.  24 

21.0 

24 

14.2 

24 

11.2 

Nov.  27 

26.3 

27 

20.2 

27 

10.8 

Nov.  30 

28.1 

30 

23.1 

25 

5.1 

Dec.   28 

28.5 

28 

29.5 

28 

4.6 

Dec.   31 

33.5 

31 

33.5 

31 

5.0 

1884. 

Jan.     3 

35.3 

3 

34.8 

13 

12.2 

Feb.    16 

49.7 

16 

51.2 

16 

13.7 

Feb.    19 

51.2 

19 

53.0 

19 

15.6 

Feb.   22 

51.8 

22 

54.2 

21 

16.4 

Mar.  24 

47.4 

24 

45.9 

24 

18.4 

Mar.  27 

47.8 

27 

44.9 

27 

23.4 

Mar.  30 

48.6 

30 

43.7 

1865. 

5 

ao.3 

Apr.     8 

25.7 

8 

15.2 

8 

20.0 

Apr.  11 

29.4 

11 

21.6 

11 

19.5 

Apr.   14 

31.5 

14 

22.8 

19 

20.4 

Apr.  22 

32.4 

22 

24.2 

22 

19.8 

Apr.  25 

35.4 

25 

28.2 

25 

23.8 

Apr.  28 

38.2 

28 

28.2 

5 

11.0 

Nov.     8 

19.6 

8 

13.2 

8 

12.0 

Nov.  11 

23.8 

11 

19.2 

11 

12.1 

Nov.  14 

26.5 

14 

21.8 

^886. 

8 

23.2 

May    11 

31.0 

11 

19.8 

11 

24.9 

May    14 

35.6 

14 

24.5 

14 

26.8 

May   17 

39.8 

17 

28.9 

21 

5.6 

Nov.  24 

9.4 

24 

9.5 

24 

5.8 

Nov.  27 

18.8 

27 

17.9 

27 

5.4 

Nov.  30 

23.8 

30 

22.3 

18 

3.3 

Dec.   21 

11.8 

21 

11.8 

21 

4.0 

Dec.   24 

17.9 

24 

17.3 

24 

3.9 

Dec.   27 

21.1 

27 

19.0 

i^Hp 
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Cairo. 

Paducah. 

St.: 

Louis. 

Date. 

Stage. 

Date. 

Stage. 

Date. 

Stage. 

1887. 

Feb.   23 
Feb.   26 
Mar.     1 

46.1 
46.7 
47.1 

23 

26 

1 

43.4 
44.7 
45.3 

20 
23 
26 

• 

17.2 
16.4 
16.4 

Apr.  26 
Apr.  29 
May     2 

33.6 
38.0 
39.4 

• 

26 

29 

2 

27.2 
33.4 
34.3 

23 
26 
29 

19.0 
18.0 
17.1 

1888. 

Feb.    22 
Feb.   25 
Feb.   28 

23.6 
26.6 
29.0 

22 
25 

28 

19.8 
20.9 
21.2 

19 
22 
25 

7.0 
10.3 
15.0 

Mar.  28 
Mar.  31 
Apr.     3 

37.6 
43.8 
45.2 

28 

31 

3 

29.8 
37.9 
40.4 

25 
28 
31 

20.0 
25.6 
23.4 

Aug.  26 
Aug.  29 
Sept.    1 

19.1 
22.2 
24.1 

26 
29 

1 

11.0 
15.2 
17.6 

23 
26 
29 

15.4 
15.3 
14.1 

Oct.    29 
Nov.     1 
Nov.     4 

16.2 
20.2 
22.4 

29 
1 

4 

13.8 
18.4 
20.2 

26 
29 

1 

5.3 
5.4 
5.2 

Nov.  11 
Nov.  14 
Nov.  17 

22.8 
30.0 
31.2 

11 
14 
17 

20.7 
28.0 
28.4 

8 
11 
14 

5.8 
7.9 
8.6 

1889. 

Jan.    16 
Jan.    19 
Jan.    22 

26.2 
28.7 
30.6 

16 
19 
22 

22.2 
24.3 
25.3 

13 
16 
19 

5.8 

8.0 

11.8 

Feb.   20 
Feb.   23 
Feb.   26 

22.8 
29.7 
32.8 

20 
23 
26 

21.0 
28.0 
31.4 

17 
20 
23 

4.9 
5.9 
5.2 

Mar.  20 
Mar.  23 
Mar.  26 

21.2 
22.4 
25.3 

20 
23 
26 

13.5 
13.6 
17.6 

17 
20 
23 

11.0 
12.8 
15.5 

June  18 
June  21 
June  24 

27.6 
31.0 
34.5 

18 
21 
24 

20.0 
24.8 
27.6 

15 
18 
21 

15.5 
14.7 
18.0 
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Cairo. 

Paducah. 

St.  Louis. 

Date. 

Stage. 

bate. 

Stage. 

Date. 

1 

Stage. 

1890. 

11 

9.4 

Jan.    14 

36.0 

14 

30.1 

14 

13.9 

Jan.    17 

41.7 

17 

37.5 

17 

14.2 

Jan.    20 

43.7 

20 

39.7 

8 

11.4 

Feb.   11 

38.3 

11 

35.4 

11 

10.4 

Feb.    14 

40.7 

14 

.38.1 

14 

10.8 

Feb.    17 

41.8 

17 

38.7 

1890. 

3 

7.0 

Mar.     6 

46.7 

6 

46.7 

6 

5.5 

Mar.     9 

47.9 

9 

48.3 

9 

5.1 

Mar.  12 

48.8 

12 

48.4 

25 

11.7 

Mar.  28 

47.1 

28 

45.7 

28 

13.0 

Mar.  31 

48.1 

31 

46.6 

31 

14.5 

Apr.    3 

48.7 

3 

47.2 

20 

12.9 

May   23 

29.6 

23 

24.4 

23 

12.0 

May   26 

31.5 

26 

27.6 

26 

14.0 

May   29 

34.0 

29 

29.4 

13 

17.2 

June  16 

22.8 

16 

12.6 

16 

19.3 

June  19 

24.3 

19 

14.4 

19 

19.7 

June  22 

25.2 

22 

14.7 

15 

7.3 

Sept.  18 

»    15. 2 

18 

14.0 

18 

7.0 

Sept.  21 

19.1 

21 

16.9 

21 

7.7 

Sept.  24 

20.4 

24 

16.7 

1 
26 

8.6 

Oct.    29 

16.8 

29 

12.7 

29 

8.2 

Nov.     1 

19.4 

1 

16.2 

1 

8.4 

Nov.     4 

21.1 

4 

17.3 

16 

6.3 

Nov.  19 

18.8 

19 

16.2 

19 

6.6 

Nov.  22 

Mtj.  id 

22 

20.5 

22 

8.0 

Nov.  25 

24.3 

25 

20.5 

1891. 

3 

4.1 

Jan.      6 

28. 5 

6 

20.8 

6 

4.7 

Jan.      9 

30.9 

9 

29.7 

9 

5.3 

Jan.    12 

32.2 

12 

30.7 

23 

•    8.1 

Fob.   26 

44.7 

26 

43.3 

26 

11.4 

Mar.     1 

45.8 

1 

45. 5 

1 

10.7 

Mar.    4 

40.2 

4 

45.3 

28 

17.7 

Mar.  31 

42.2 

31 

36. 4 

31 

19.3 

Apr.     3 

44.0 

3 

3 

19.4 

Apr.     6 

44.8 

6 
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L.A  CROSSE,  WIS. 

The  dangler  line  at  La  Crosse  is  at  13  feet.  The  highest  water,  June  19,  1880, 
was  17.4  feet. 

The  distance  to  St.  Paul  is  130  miles. 

The  corresponding  wave-crest  water  stages  at  St.  Paul  and  at  La  Crosse  about 
five  days  later  are  as  follows : 


St.  Paul. 

La  Crosse, 
five  days  after. 

6 

7 

8.3    ±1.4 

8 

9.3 

9 

10.2 

10 

11.1    ±1.3 

11 

11.9 

12 

12.9 

13 

13.5 

14 

14.1 

15 

14.6 

16 

15.1 

17 

15.5 

18 

The  principal  tributaries  coming  into  the  Mississippi  between  St.  Paul  and 
La  Crosse  are  the  Chippewa  River,  which  drains  9,602  square  miles,  the  St. 
Croix,  draining  7,568  square  miles,  and  the  Black  River,  draining  2,880  square 
miles.  The  IU)ot  River,  coming  in  just  below  La  Crosse,  drains  1 ,685  square 
miles. 

The  total  drainage  area  of  the  Mississippi  above  St.  Paul  is  33,719  square  miles. 

The  total  drainage  area  of  Mississippi  above  mouth  of  St.  Croix  River  is 
41,287  square  miles. 

DUBUQUE,  IOWA. 

The  danger  line  at  Dubuque  is  at  16  feet.  The  highest  water,  21 .8  feet,  occurred 
AprU,  1870. 

The  distance  from  St.  Paul  to  Dubuque  is  228  miles. 

The  corresponding  wave-crest  stages  at  St.  Paul  and  at  Dubuque  about  five 
days  later  are  as  follows,  not,  however,  very  good  for  predicting  stages : 


St.  Paul. 

Dubuque, 
five  days  after. 

5 

6 

7 

8 

9 

10 

11 
12 
13 
14 
15 

16 
17 

18 

6.9    ±2.2 

7.6 

8.3    ±2.0 

9.8 
11.0 
12.4    ±2.4 

13.7 
15.1 
15.2 
15.3 
15.4 

15.4 
15.5 
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The  Wisconsin  River,  draining  11,850  square  miles,  adds  water  to  the  Missis- 
sippi between  St.  Paul  and  Dubuque,  likewise  the  Chippewa,  and  St.  Croix 
rivers,  and  the  Turkey  River,  draining  1,679  square  miles. 

The  total  drainage  area  of  the  Mississippi  above  the  mouth  of  the  Chippewa 
River  is  53,116  square  miles. 

DAVENPORT,  IOWA. 

The  danger  line  at  Davenport  is  at  15  feet.  The  highest  water,  20.9  feet,  in 
1868,  was  caused  by  an  ice  gorge.  The  high  water  of  April  25, 1870,  was  16.7 
feet. 

The  distance  from  Davenport  to  Dubuque  is  106.5  miles. 

The  dilTerence  in  level  of  zeros  of  gauges  is  44.5  feet. 

The  corresponding  wave  crests  at  Dubuque  and  at  Davenport  two  days  later 
are  as  follows : 


Dubuque. 

Davenport, 
two  days  after. 

Dubuque. 

Davenport, 
twodaysafter. 

5 

4.2    ±0.8 

14 

11.3 

15 

12.0 

6 

4.7 

7 

5.3 

16 

12.7    ±0.3 

8 

5.8    ±0.7 

17 

13.6 

9 

6.7 

18 

14.5 

10 

7.6    ±0.6 

19 

15.5 

20 

16.4 

n 

8.6 

12 

.      9.7 

21 

17.3 

13 

10.5 

22 

The  important  tributaries  joining  the  Mississippi  between  Dubuque  and  Dav- 
enport are  the  Makoqueta,  draining  1,836  square  miles,  and  the  Wabsipinicon, 
draining  2,490  square  miles. 

The  Rock  River,  which  comes  into  the  Mississippi  just  below  Davenport, 
drains  10,690  miles. 

The  total  drainage  area  of  the  Mississippi  above  Davenport,  including  the 
drainage  area  of  Rock  River,  is  93,364  square  miles. 

KEOKUK,  IOWA. 

The  danger  line  at  Keokuk  is  at  14  feet.  The  high  water  of  1851  was  21  feet; 
that  of  July  4, 1867,  15.9  feet. 

The  difference  in  the  level  of  zeros  of  gauges  at  Keokuk  and  Dubuque  is  101.5 
foet. 

The  distance  from  Dubuque  to  Keokuk  is  235.25  miles. 

The  corresponding  wave-crest  water  stages  at  Dubuque  and  at  Keokuk  about 
four  days  later  are  as  follows : 


Dubuque. 


4 
5 

6 
7 
8 
9 
10 

11 
12 
13 


Keokuk,  four 
days  after. 


1.0 
2.3 

3.5 
5.0 
6.7 
8.0 
9.0 

9.9 
10.6 
11.4 


±1.2 


±1.7 


±1.2 


Dubuque. 


14 
15 

16 
17 
18 
19 
20 

21 
22 
23 


Keokuk,  four 
days  after. 


12.0 
12.4 


±1.3 


13.0 
13.6 
14.4 
15.3 
16.3    ±0.9? 

17.2 
18.2 


aJ,fyr:  _. 
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The  important  tributaries  carrying  water  to  the  Mississippi  between  Dubuque 
and  Keokuk  are  the  Makoqueta,  draining  1,836  square  miles;  the  Wabsipinicon, 
draining  2,490  square  miles ;  the  Rock  River,  draining  10,690  square  mites ;  the 
Iowa  River,  draining  12,250  square  miles,  and  the  Skunk  River,  draining  4,^2 
square  miles. 

The  Des  Moines  River,  coming  in  at  Keokuk,  drains  14,955  square  miles. 

The  total  drainage  area  of  the  Mississippi  above  Keokuk,  including  the  drain- 
age area  of  the  Des  Moines,  is  126,203  square  miles. 

The  stages  at  Davenpart  and  at  Keokuk  about  four  days  later  are  as  followe ; 


Davenport. 

Keokuk. 

9.2 
12.5 
17.3 

9.5 
13.4 
17.3 

LOUISIANA  BRIDGE,  MISSOURI. 

The  danger  line  at  Louisiana  bridge ,  Missouri,  is  at  12  feet.  The  highest  water, 
21.94  feet,  occurred  in  1851.    In  1881  there  was  a  stage  of  18.7  feet. 

The  distance  from  Louisiana  bridge  to  Keokuk  is  89.75  miles ;  the  difference 
in  level  of  the  zeros  of  the  gaueres  is  40.5  feet. 

A  stage  of  11.9  feet  at  Keokuk  corresponds  to  11.7  feet  at  Louisiana  bridge  two 
days  later ;  17.2  at  Keokuk  corresponds  to  16.2  at  Louisiana  bridge. 

The  principal  tributary  coming  into  the  Mississippi  between  iLeokuk  and  Lou- 
isiana bridge  in  addition  to  the  Des  Moines  is  the  Salt  River,  draining  an  area 
of  2,741  square  miles.  ' 

BEARDSTOWN,  ILL. 

The  danger  line  at  Beardstown,  111. /on  the  Illinois  River,  is  at  12  feet.  The 
highest  water,  21.3  feet,  occurred  in  1882. 

The  distance  from  Beardstown  to  Peoria  is  65  miles ;  the  difference  in  level  of 
the  zeros  of  the  gauges  is  10  feet. 

The  record  of  gauge  readings  at  Peoria  and  Beardstown  have  not  as  yet  been 
kept  long  enough  to  permit  of  making  a  table  of  corresponding  wave-crest  stages 

The  highest  corresponding  stages  observed  are  given  below : 


Peoria. 

Beardstown. 

Date. 

Stage. 

Date. 

Stage. 

1885. 

1885. 

Nov.  12 

12.0 

Nov.  20 

10.3 

1886. 

1886. 

Jan.     8 

14.2 

Jan.    17 

13.4 

Feb.   19 

16.0 

Feb.   26 

16.0 

Mar.  25 

15.4 

Mar.  30 

14.0 

1887. 

1887. 

Feb.   20 

18.8 

Feb.   23 

16.5 

1888. 

1888. 

Mar.     5 

13.6 

Mar.  10 

13.4 

Mar.  31 

14.1 

Apr.     3 

13.5 

June    2 

13.0 

June    8 

12.2 

1889. 

1889. 

June  23 

n.o 

June  27 

12.0 

1890. 

1890. 

Jan.    20 

12.3 

Jan.    20 

13.5 

Apr.  13 

13.2 

Apr.  14 

n.i 

June  25 

13.3 

June  29 

10.3 

1891. 

1891. 

Apr.  17 

15.0 

Apr.  24 

12.8 
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The  Sangamon  River  is  the  most  important  tributary  coming  into  the  Iliinois 
between  Peoria  and  Beardstown. 
The  Illinois  River  drains  27,465  square  miles. 

OMAHA,  Nebr. 

The  danger  line  at  Omaha  is  at  18  feet.  The  high  water  of  April  24, 1881,  was 
23.8  feet. 

The  distance  from  Omaha  to  Sioux  City  is  135  miles ;  the  dififorence  in  level  o( 
the  zeros  of  gauges  is  117.8  feet. 

The  corresponding  wave-crest  water  stages  at  Sioux  City  and  at  Omaha  about 
two  days  later  are  as  foUows : 


Sioux  City. 

Omaha, 

two  days 

after. 

8.0 

9.0 

10.0 

11.0 
12.0 
13.0 
14.0 
15.0 

16.0 
17.0 
18.0 
19.0 
20.0 

21.0 
22.0 

9.0 
9.8 
1018    ±0.8 

11.8 
12.8 
13.8 
14.6 
15.4    ±0.6 

16.0 
17.6 
19.0 
20.5 
22.0 

23.0 
23.8 

V 
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The  principal  tributary  of  the  Missouri  between  Sioux  City  and  Omaha  is  the 
Little  Sioux  Kiver. 
The  following  are  the  stages  at  some  of  the  important  rises : 


Sioux  City. 

Omaha. 

Sioux  City. 

Omaha. 

Date. 

Stage. 

Date. 

Stage. 

Date. 

Stage. 

Date. 

Stage. 

1879. 
Apr.     7 
M^y  1,3,4 
June     6 
June  16 
June  26 

1880. 
June     4 
June  19 
July     7 
Sept.    2 

1881. 
Mar.  27 
Apr.     7 
Apr.  23 
May    31 
June  14 

1882. 
Apr.  10 
June  27 

1883. 
Apr.   17 
May   24 
^  June    3 
June  25 
July     9 

1884. 
Mar.  22 
Apr.     4 
June  21 

1885. 
Apr.  13 

15.2 

8.7 

n.7 

14.2 
14.8 

10.4 
12.5 
13.7 

8.8 

16.3 
20.0 
22.2 
11.5 
14.1 

10.2 
13.1 

12.1 
12.4 
10.3 
12.9 
13.2 

14.0 
15.6 
15.0 

10.0 

1879. 
Apr.     9 
May     1 
June     7 
June  18 
June  28 

1880. 
June     6 
June  21 
July     9 
Sept.    4 

1881. 
Mai-.  27 
Apr.     9 
Apr.  24 
June     2 
June  16 

1882. 
Apr.   11 
June  28 

1883. 
Apr.   18 
May    25 
June     4 
June  28 
July     8 

1&4. 
Mar.  24 
Apr.     6 
June  22 

1885. 
Apr.  14 

17.0 
10.3 
13.2 
15.6 
17.0 

12.3 
15.6 
17.1 
10.5 

16.0 
22.0 
23.8 
12.3 
14.2 

11.6 
14.5 

13.3 
14.2 
11.6 
14.2 
15.2 

15.5 
17.0 
14.6 

10.7 

1885. 
June  15 

1886. 
June     9 
July     9 

mi. 

Mar.  26 
June  11 
June  25 

1888. 
Apr.     8 
Apr.   18 
May     8 
May    29 
June  13 
June  28 
July    10 
Aug.    6 

1^9. 
June  11 
June  29 
July    25 

1890. 
Apl.    14 
May    27 
June     7 
July     7 
July    19 

1891. 
Apr.   10 

14.9 

n.8 

11.6 

17.4 
14.8 
15.8 

ol4.8 
15.9 
11.1 
13.5 
14.2 
16.3 
15.3 
10.4 

8.5 
8.7 
7.3 

9.5 

9.7 

13.5 

11.8 

10.7 

10.6 

1885. 
June  17 

1886: 
June  11 
July    11 

1887. 
Mar.  28 
j  Juno  12 
June  29 

1888. 

Apr.     9 

Apr.   19 

May    10 

May    liO 

i  June  14 

!  Juno  30 

!  July    11 

Aug.     7 

1889. 
June  13 
July      1 
July    28 

1890. 
Apr.   15 
1  May   29 
June     9 
July     8 
July    20 

1891. 
Apr.   11 

16.6 

12.9 
10.9 

17.9 
13. 5 
14.9 

15.2 
15.9 
11.4 
13.1 
13.9 
16.3 
14.'9 
10.3 

9.5 
9.7 

8.8 

10.0 
9.0 
12.9 
11.6 
10.6 

11.2 
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PLATTSMOUTH,  NEBR. 

The  danger  line  at  Plattemouth  is  at  16.6  feet.  The  high  water  of  July  4, 1864, 
reached  18.9  feet;  that  of  April  24, 1881,  was  19.2  feet. 

The  distance  from  Plattemouth  to  Omaha  is  28.6  miles ;  the  difference  in  level 
of  the  zeros  of  the  gauges  is  17.5  feet. 

The  corresponding  wave  crests  at  Omaha  and  at  Plattsmouth  which  occur  less 
than  one  day  after  are  as  follows  : 


Omaha. 

Plattsmouth. 

12 

9.6    ±0.8 

13 

10.3 

14 

11.0 

15 

11.7    ±0.6 

16 

12,4 

17 

13.3 

18 

14.0 

19 

14.8 

20 

15.5    ±0.2 

21 

16.2 

22 

17.1 

23 

18.2 

24 

19.2(?) 

25 

ST.  JOSEPH,  MO. 

The  danger  line  at  St.  Joseph  is  at  10  feet. 

The  distance  from  St.  Joseph  to  Omaha  is  188.3  miles ;  the  dilTerence  of  level 
of  the  zeros  of  the  gauge  is  lo4.6  feet. 

The  corresdonding  wave-crest  water  stages  at  Omaha  and  at  St.  Joseph  about 
two  days  later  are  as  follows ; 


Omaha. 

St.  Joseph, 
two  days  after. 

13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 

14.4 
15.3 
16.0 

16.8 
17.8 
19.0 
20.0 
21.1 

22.2 
23.3 
24.5 

A  very  considerable  volume  of  water  is  added  to  the  Missouri  between  Omaha 
and  St.  Joseph  by  the  Platte  River. 
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^  KANSAS  CITY,  MO. 

The  danger  line  at  Kansas  City  is  at  21  feet  The  high  water  of  1844  was  37  foot ; 
that  of  April  30, 1881,  w^as  26.3  feet. 

The  distance  from  Kansas  City  to  Omaha  is  281.5  miles.  The  differenoe  in  the 
level  of  the  zeros  of  the  gauges  is  242.0  feet. 

The  corresponding  wave-crest  water  stages  at  Omaha  and  at  Kansas  City  two 
or  three  days  later  are  as  follows : 


Kansas  City, 

Omaha. 

two  or  three 

' 

days  after. 

10 

14.8   ±1.4 

11 

15.3 

12 

15.8 

13 

16.6 

14 

17.3 

15 

18.1    ±1.2 

16 

18.7 

17 

19.4 

18 

20.4 

19 

21.4 

20 

22.4 

21 

23.3 

22 

24.3 

23 

25.3      • 

24 

26.3 

25 

The  Kansas  River  and  Platte  River  are  important  tributaries,  entering  th6 
Missouri  between  Omaha  and  Kansas  City. 
The  stages  preceding  important  rises  arc  as  follows : 


Omaha. 

Kansas  City. 

Omaha. 

Kansas  City. 

Date. 

Stage 

Date. 

Stage 

Date.  * 

Stage 

Date. 

Stage 

1875. 
Apr.   16 
Apr.  27 
Juno     6 
Juno  27 

1876. 
Apr.  16 
June  20 
July      4 

1877. 
Apr.     7 
Apr.  22 
May    29 
June  13 
June  30 
July   21 

1878. 
Apr.  27 

11.2 
17.8 
11.2 
15.2 

13.2 

14.8 
14.6 

16.1 
10.5 
14.2 
17.4 
15. 2 
13.8 

14. 5 

1875. 
Apr.  17 
Apr.  30 
Juno     5 
Juno  29 

1876. 
Apr.  17 
Juno  22 
July     5 

1877. 
Apr.     9 
Apr.   24 
Juno     3 
Juno  13 
July     1 
July    18 
July    21 

1878. 
Apr.   29 
May      4 

13.2 
17.8 
14.7 
17.5 

17.4 
16.6 
16.8 

15.6 
14.0 
18.8 
21.0 
19.5 
16. 5 
15.7 

14.4 
14.8 

1878. 
May    28 
Juno     8 
Juno  25 
July    26 

1879. 
Apr.     9 
May     1 
Juno     7 
Juno  18 
Juno  28 

1880. 
Juno     6 
Juno  21 
July     9 
Sept.    4 

1881. 
Mar.  27 
Apr.     9 

16.8 

17. 5 
17.8 
14.4 

17.0 
10. 3 
13.2 

15. 6 
17.0 

12.3 
15.6 
17.1 
10.5 

16.0 
22.0 

1878. 
May    31 
Juno  10 
Juno  28 
July    29 

1879. 
Apr.  11 
May     5 
Juno  10 
Juno  20 
Juno  30 

1880. 
Juno     7 
Juno  22 
July    10 
Sept.    6 

1881. 
Mar.  30 
Apr.  12 
Apr.  13 

18.0 
19.5 
19.4 
18.5 

16.7 
10.2 
13.9 
16.8 
19.2 

11.5 
14.5 
16.7 
12.1 

18.6 
20.3 
21.2 

■y 
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Omaha. 

Kansas  City. 

Omaha. 

Kansas  City. 

;>ate. 

Stage 

Date. 

Stage 

Date. 

Stage 

Date. 

Stage 

1881. 
Apr.  24 
June    2 
June  16 

1882. 
Apr.  11 
June  28 

1883. 
Apr.  18 
June  28 

1884. 
July     4 

1885. 
Mar.  10 
Apr.  14 
June  17 

1886. 
June  11 
July    11 

1887. 
Mar.  28 

23.8 
12.3 
14.2 

11.6 
14.5 

13.3 
14.2 

13.2 

12.2 
10.7 
16.6 

12.9. 
10.9 

17.9 

1881. 
Apr.  30 
June    3 
June  18 

1882. 
Apr.  13 
July     3 

1883. 
Apr.  20 
June  26 

1884. 
July     5 

1885. 
Mar.  17 
Apr.  16 
June  19 

1886. 
June  11 
July   11 

1887. 
Apr.     1 

26.3 
16.4 
17.0 

15.0 
19.2 

14.2 
23.8 

17.2 

12.8 
11.7 
19.1 

14.7 
11.0 

20.2 

1887. 
June  12 
Juno  29 

1888. 
Apr.     9 
Apr.  19 
May    10 
May   30 
June  14 
June  30 
July    11 
Aug.    7 

1890. 
Apr.  15 
May    29 
June     9 
July     8 

July   20 

1891. 
Apr.  11 

13.5 
14.9 

15.2 
15.9 
11.4 
13.1 
13.9 
16.3 
14.9 
10.3 

10.0 

9.0 

12.9 

11.6 

10.6 

11.2 

1887, 
June  15 
July     2 

1888. 
Apr.  11 
Apr.  20 
May    15 
June     1 
Juno  16 
July     2 
July    13 
Aug.  12 

Apr.   14 
May    28 
June  11 
July     8 
July   14 
July    21 

1891. 
Apr.  15 

19.0 
18.9 

18.7 
18.3 
16.4 
18.8 
17.7 
20.4 
18.5 
14.7 

9.6 
10.0 
17.2 
12.7 
13.5 
12.6 

14.5 

LEAVENWORTH,  KANS. 

The  danger  lino  at  Leavenworth,  Kans.,  is  at  20  feet.  The  high  water  of  April 
29, 1881,  was  25.8  feet. 

The  distance  from  Kansas  City  to  Leavenworth  is  30.5  miles ;  the  difiference  in 
level  of  the  zeros  of  the  gauges  is  24.2  feet. 

The  corresponding  wave-crest  water  stages  at  Leavenworth  and  Kansas  City 
about  one  day  later  are  as  follows: 


Leaven- 
worth. 

Kansas  City. 

12 

13.3    ±0.7 

13 

14.3 

14 

15.3 

15 

16.4    iO.6 

16 

17.5 

17 

18.5 

18 

19.8 

19 

21.0 

20 

22.2 

21 

2,3.4 

22 

24.3 

23 

24.9 

24 

2,5.4 

25 

2,5.9 

26 

26.4 

27 

The  Kansas  River  enters  the  Missouri  between  Leavenworth  and  Kansas  City. 
There  is  a  gauge  at  Manhattan,  at  the  junction  of  the  Big  Blue  River  with  the 
EaoMs  Birer,  12?  miles  above  Kansas  City. 


^  .  _. 
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BOONVILLE,  MO. 

The  danger  line  at  Boonville,  Mo.,  is  at  20  feet.  The  high  water  of  1844  was 
33.62  feet;  that  of  May  3, 1881,  was  22.8  feet. 

The  distance  from  feoonville  to  Kansas  City  is  189.3  miles ;  the  difference  in 
level  of  the  zeros  of  gauges  is  150.3  feet. 

The  corresponding  crests  at  Kansas  City  and  at  Boonville  two  or  three  days 
later  are  as  follows : 


Kansas 
City. 

Boonville, 

three  days 

after. 

14 

12.4 

15 

13.4 

16 

14.3 

17 

15.3 

18 

15.9 

i        19 

16.6 

20 

17.2 

21 

17.8 

22 

19.1 

23 

20.0 

24 

21.1 

25 

22.3 

— ». 

The  most  important  tributary  coming  into  the  Missouri  between  Kansas  City 
and  Boonville  is  the  Grande  River. 

JEFFERSON  CITY,  MO.* 

*No  observations  taken  now. 

The  danger  line  {kt  Jefferson  City  is  at  20  feet.  The  high  water  of  1844  was 
28.5  feet. 

The  distance  from  Jefferson  City  to  Kansas  City  is  240.5  miles ;  the  difference 
in  the  level  of  the  zeros  of  gauges  is  193.3  feet. 

The  corresponding  wave-crest  water  stages  at  Kansas  City  and  Jeffei'son  City 
two  days  later  are  as  follows : 


Kansas 

Jefferson  City, 

Kansas 

Jefferson  City. 

City. 

two  days  after. 

City. 

two  days  after. 

13 

10.3 

26 

18.7 

14 

11.0 

27 

19.6 

15 

11.7    ±1.3 

28 

20.5 

29 

21.4 

16 

12.3    ±0.6 

30 

22.3 

17 

13.2 

18 

13.9 

31 

23.2 

19 

14.7 

32 

24.1 

20 

15.5 

33 

25.0 

34 

25.9 

21 

16.3 

35 

26.8 

22 

17.0 

23 

17.6 

36 

27.7 

24 

18.0 

37 

28.5 

25 

18.4 

The  Grand  River  is  the  most  important  stream  entering  the  Missouri  Blver 
between  Kods&b  City  and  Jefferson  City. 


^'L' 
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HERMANN,  MO. 

The  danger  line  at  Hermann  is  at  21  feet.    The  high  water  of  May  4, 1881, 

20.4  feet. 

The  distance  from  Hermann  to  Boonville  is  95.9  miles;  the  difference  in  level 
of  the  zeros  of  gauges  is  82.6  feet. 
Ilie  corresponding  wave  crests  at  Boonville  and  at  Hermann  one  day  later 
follows: 


Boonville. 

Hermann, 
One  day  after. 

14 
15 

16 
17 
18 
19 
20 

21 
22 

13.2 
13.8 

14.6 
15.4 
16.5 
17.4 
18.3 

19.4 
20.2 

The  principal  tributaries  coming  into  the  Missouri  River  between  Boonville 
and  Hermann  are  the  Osage  and  (^conade  rivers. 

ST.  IX>UIS,  MO. 

■ 

The  danger  line  at  St.  Louis  is  at  30  feet.  The  highest  water,  41.3  feet,  oc- 
curred June  27, 1844. 

The  distance  from  St.  Louis  to  Kansas  City  is  401.3  miles;  the  difference  in 
level  of  the  zeros  of  gauges  is  337 .7  feet.  The  distance  from  St.  Louis  to  Dubuque 
is  438.5  miles;  the  difference  in  level  of  the  zeros  of  gauges  is  199.3  feet. 

The  stages  of  water  at  St.  Louis  do  not  follow  very  closely  the  stages  at  Kan- 
sas City  and  Dubuque;  the  stipes  are  principally  the  result  of  the  rainfall  in 
drainage  area  below  Kansas  City  and  Dubuque,  which  is  130,000  square  miles. 

The  stages  of  water  at  St.  Louis  were,  February  9, 1881, 10.9;  February  10, 17.7, 
and  February  11, 18.0,  a  crest.  The  rainfalls  in  lower  part  of  drainage  area  above 
St.  Louis  were  as  follows:  inches. 

Des  Moines,  5th  to  8th - L54 

Davenport,  6th  to  10th 0.78 

Keokuk,  5th  to  8th 0.90 

Leavenworth,  5th  to  7th 3.23 

Boonville,  6th  to8th 2.28 

Hermann,  6th  to  10th 1.45 

St.  Louis.  7th  to  9th 0.27 

Springfield,  m.,  7th  to  9th 0.38 

Chicago,  7th  to  11th 2.39 

The  stages  of  river  at  St.  Louis  were:  Feet. 

February  18, 1882 10.4 

February  19 11.2 

February  20 18.2 

February  21 27.5 

February  22 28. 2  a  crest 

The  rainfalls  were  as  follows :  inches. 

Des  Moines,  17th  to  22d 1.15 

Dubuque,  17th  to  22d 0.42 

Davenport,  18th  to 21st O.IG 

Cedar  Rapids,  18th  to  21st 1.05 

Keokuk,  fdth  to  21st 1.39 

Leavenworth,  17th  to  22d 0.87 

Boonville,  19th  and  20th « 5.12 

Hermann,  19th  and  20th 4.93 

Jefferson  Ci^,  19th  and  20th ^.^ 

Si.  Lonlflf  19tii  and  20th ^ ., •,.••^•11 
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The  stages  of  river  at  St.  Louis  were  : 

^  Feet 

February  13, 1883 5.4 

February  14 7.4 

February  15 1CL3 

February  16 20.0 

February  17 24.0 

February  18 , 25.8acfest 

The  rainfalls  preceding  were  as  follows : 

Inches. 

Des  Moines,  13th  to  17th 0.85 

Dubuque,  14th  to  17th 0.75 

Davenport  16th 2.90 

Cedar  Rapids,  13th  to  17th 1.25 

Keokuk,  16th 3.56 

Leavenworth,  13th  to  17th 1.28 

Boonville,  14th 0.72 

Hermann,  14th  and  15th 2,50 

Jefferson  City,  13th  and  14th 1.00 

St.  Louis,  13th  to  17th 2.38 

Chicago,  16th 1.04 

Important  rises  at  St.  Louis  extend  over  at  least  six  days.    The  average  daily 

rises  from  a  large  number  of  cases  are  as  follows: 

fViet. 

6th  tooth 0.3 

5th  to  4th a4 

4th  to  M 0.6 

3d  to  2d 0.9 

2d  to  1st 1.0 

1st  to  crest 0.6 

The  average  changes  before  crests  when  grouped  according  to  the  highest 
stage  attained  at  St.  Louis  show  no  dependence  in  size  on  the  St.  Louis  stage. 

The  stages  of  water  at  St.  Louis  corresponding  to  crest  stages  four  days  pre- 
ceding at  Kansas  City  and  the  stages  five  days  before  at  Dubuque  are  as  follows : 

St.  Louis,  Mo. 


Kansas  City. 

Dubuque. 

Kansas  City. 

Dubuque. 

5 

10 

15 

20 

5 

10 

15 

20 

5 

16 

18 

22 

23 

23 
24 

28 
29 

6 

16 

19 

24 

25 

31 

7 

17 

20 

25 

32 

8 

17 

21 

23 

25 

9 

18 

21 

24 

25 

26 

34 

10 

18 

22 

25 

26 

27 

28 

11 

19 

22 

25 

26 

29 

12 

19 

22 

25 

27 

30 

13 

20 

22 

25 

27 

1 

14 

20 

22 

25 

28 

31 

15 

20 

22 

25 

28 

32 

33 

16 

20 

22 

26 

29 

34 

17 

21 

23 

27 

29 

35 

18 

21 

23 

27 

30 

19 

21 

24 

28 

30 

36 

20 

22 

25 

28 

30 

37 

41 

21 

22 

26 

28 

i 1 

1     1 

P'robable  error  J^^.B. 
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ThereiBnoverydormitc  relation  lii^twcen  the  viacs  ut  Kaiwas  City  and  Du- 
buque and  the  subsequent  rises  at  St.  LouIr. 

The  distance  from  St.  Louis  to  Boonvillc  is  213  miles ;  the  dlflerunce  in  the 
level  of  the  zeros  of  gauges  is  187.4  feet. 

The  distance  from  St.  Lowis  to  Keokuk  is  202.5  miles ;  the  difference  in  the 
level  of  zeros  of  gauges  is  07.74  feet. 

The  corresponding  water  stages  at  St.  Louis  and  Boonvitla  and  Keokuk  two 
days  previous  are  as  follows: 

St.  Louis  Crests  ±1.5. 


u 

Keokuk. 

4 

5 

6 

1 

S 

D 

10 

11 

12 

13 

14 

15 

18 

n 

IS 

1« 

20 

, 

,1 

« 

4 

14 

14 

14 

IR 

Ifi 

4 

14 

U 

Ifl 

m 

H 

4 

U 

14 

\S 

1(1 

n 

IH 

IH 

■/ll 

■^1 

ft 

15 

?1 

?^'. 

10 

r. 

l'< 

1« 

17 

IN 

lit 

;^i 

;(i 

•<?■', 

■a 

H 

'f^ 

11 

f! 

n 

n 

18 

n 

m 

;n 

n 

?;i 

V4 

n 

Vfi 

li^ 

7 

IH 

\H 

l« 

■}[i 

;^i 

s-^ 

v:t 

« 

A^ 

% 

;'<; 

irr 

'/T 

■« 

ia 

H 

ID 

w 

til 

'^\ 

V:'. 

'/X 

VA 

;«i 

HB 

'M 

H7 

■>7 

■/7 

•/Ji 

'/H 

wt 

u 

■  H 

W 

-fl\ 

?l 

vv. 

ra 

n 

*/,■> 

•,•» 

MB 

V 

KM 

w 

tfi 

1 

ft) 

n 

w 

n 

?.i 

'rt 

'^ 

'rr 

■/H 

•M 

■f:''. 

1>4 

?fi 

*7 

n 

» 

n 

17 

■1 

■ffl 

n 

V4 

Vfl 

m 

W 

*^ 

H7 

W 

?K 

:^!i 

;«! 

Ifl 

ra 

■'i 

'^11 

■/.n 

n 

■>H 

?ii 

?tt 

™ 

:ti) 

^1 

">' 

•>ft 

*>« 

^*(l 

:ki 

31 

i 

23 

27 

ifj 

27 

aj 

:» 

M 

2U 
31 

31 
33 

3t 
32 
33 
34 

32 
33 

i 

The  drainage  area  ot  water  passing  St.  Louis  below  Boonville  and  Keokuk  ex- 
cluding the  D-iS  Moines  River  is  01 ,740  squai^e  miles. 

The  rise  at  St.  Lnuis  in  two  dav»  is  equal,  on  thu  avei'ag'e,  to  2. 14  times  the 
preceding  two-day  t-itte  at  Boonvillc. 

The  following  are  tho  Stages  for  some  of  the  iTnjwrtant  rises  at  St.  Louis  and 
the  correBiMmding  stages  preceding  at  Kansas  City,  Dubuque,  and  Peorfa;  also 
-     t.Louisr-'  "  ■■-■ "    ■--"■    -    ■■  "  -•-  ■- 


tbe  stages  at  St.  I 


is  and  those  preceding  at  Boonvillc  and  Keokuk ; 


St.  Louis. 

KansasCity. 

Dubuque. 

Peoria, 

Date. 

Stage. 

Date. 

Stage. 

Date. 

Stage. 

Date. 

Stage. 

1875. 

6 

8.0 

0 

11.1 

Apr.  10 

19.1 

10 

n.;! 

H) 

10.0 

Apr.  14 

19.8 

13 

12.3 

25 

14.8 

2.-) 

16.4 

16.5 

Apr.  29 

20.8 

aK 

17.6 

29 

16.1 

May     3 

,24.8 

30 

IT.  8 

30 

30 

11.4 

June    3 

16.9 

3 

i:[.l 

■A 

11.4 

June    7 

20.1 

5 

14.7 
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St.  Louifl. 

Kansas  Oity. 

Dubuque. 

Peoria.      j 

Date. 

Stage. 

Date. 

Stage. 

Date. 

Stage. 

Date. 

Stae«. 

1875. 

June  21 
June  25 

23.0 

23.8 

17 
21 

29 

12.1 
14.1 
17.0 

17 
21 

10.3 
10.3 

July     8 
July    12 

27.8 
28.8 

8 
12 

14 

,    10.3 

18.0 
18.5 

8 
12 

9.4 

July    30 
Aug.     3 

ai.o 

29.8 

26 

28 

is!  2 

12.9 

26 
30 

4.6 

3.8 

Sept.  10 

Sept.  14 

1876. 

Jan.     3 
Jan.     7 

15.8 
19.5 

9.2 
17.6 

6 

7 
10 

12.0 

14.0 
13.8 

6 

10 
16 

30 
3 

5.3 

7.8 
9.8 

5.8 
S.7 

30 
3 

4.7 

5.9 

Apr.     2 
Apr.     6 

23.5 
24.2 

28 
8 

8.3 

n.8 

12.8 

28 

6.1 
7.3 

Apr.  IG 
Apr.  20 

2fi.2 
29.3 

12 

16 
17 

12.8 

17.2 
17.4 

12 

12.7 
15.0 
14.8 

May     C- 
May    10 

25.4 

32.0 

2 

e 

8 

10.9 
14.1 
15.4 

2 
6 

16.4 
10.0 

June  15 
June   19 

22.6 

2(1.2 

13 

HI 

14.8 

17.0 
18.0 

12 
IS 

12,0 
12.3 
10.9 

June  22 

24.5 

IS 

16.2 
1B.0 

18 

10.8 
10.0 

July      3 
July      7 

24.3 
3tl.l 

29 
3 

16.2 

10.3 
16.8 

29 
2 
3 

10.8 
11.1 
II.O 

Sept.  12 

Apr.     8 
Apr.  12 

21.0 

8 

12 
16 

10.0 

11. 0 

11.8 

8 
10 

6.8 
7.9 
0,8 

19.4 

22.8 

8 
9 
12 

14.8 
15.6 
13.1 

8 
12 

6,5 
6.0 
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St  Loula. 

KanaasCity. 

Dubuque. 

Peoria. 

Dale. 

SUge. 

Date. 

Stage. 

Dat«. 

Stage. 

Dat«. 

Stage. 

1877. 

Apr.  20 
Apr.  24 

19.6 
23.6 

16 

20 

11.8 
13.9 

16 

20 

6.2 
6.9 

Mav    16 
May   20 

22.8 
25.6 

16 
20 
22 

13.1 

15.0 

18.  r 

16 
20 

7.2 
6.5 

June  10 
June  14 

23.6 
2S.6 

10 
14 

22.2 
21.0 

10 
14 

7.7 

7.8 

June  30 
July     4 

Mar.  's 
Mar.  12 

26.1 
26.6 

28 
30 

IB.  8 
18.0 

28 

27 
30 

7.8 
8.0 
7.4 

16.4 
22.8 

4 

8 
9 

7.0 
6.B 
6.8 

4 
8 

3.0 
3.3 

Apr.  21 
Apr.  2S 

IS.  2 
22.0 

17 
21 

as 

S.8 

17 
21 

4.3 
5.3 

May     4 
May     8 

20.8 
21.2 

30 
4 

14.4 
14.8 

30 
4 

7.2 

6.5 

JuDe     2 
June     6 

23.4 
24.4 

29 
31 
2 

17.0 
1B.0 
17.2 

29 

2 
3 

5.3 

7.4 

8.4 

June  11 
Judo  15 

SS.0 
25.8 

7 
10 
11 

18.8 
19.5 
19.3 

7 
11 

7.0 
6.5 

July     3 
July     7 

21.8 
22.4 

29 
3 

19.1 
19.8 

29 

1 
3 

5.3 
5.5 
5.3 

July    28 

ifitt 

'%^ 

June     8 
June  12 

17,6 

20.2 

20.2 
21.2 

24 

2S 

25 

2B 
30 

15.5 
18.3 

18.5 

16.8 
18.9 
19.2 

24 

28 

25 
29 

6.3 
7.3 

5.5 
5.6 

n.4 

20.2 

7 
8 

ll.B 
11.2 

4 

8 

9.2 
0.9 

July     8 
July    12 

35.2 
25.5 

1 

4 

/ 

15.5 
16.1 

16.7 

i 
8 

14.8 
12.8 

I 
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St.  Louis. 

Kansas  City. 

Dubuque. 

Peoria. 

Date. 

Stage. 

Date. 

Stage. 

Date. 

Stage. 

Date. 

Stage. 

1881 

12 

11.7 

Mar.  16 

20.1 

16 

15.4 

Mar.  20 

22.3 

9 

19.1 

9 
10 

11.2 
12.3 

Apr.  13 

27.0 

13 

21.-2 

13 

9.3 

Apr.  17 

27.8 

28 

25.2 

30 

26.3 

30 

9.3 

May     2 

32.1 

2 

25.0 

2 

9.8 

May     6 

33.6 

1 

18 

13.9 

as 

13.5 

May   22 

24.8 

22 

15.5 

22 

12.8 

May   26 

25.0 

• 

13 

15.6 

13 
14 

11.6 
11.7 

June  17 

22.5 

17 

16.6 

17 

11.2 

June  21 

24.7 

18 

17.0 

26 

15.8 

26 

27 

10.0 
10.1 

June  30 

22.9 

30 

16.0 

30 

10.0 

July     4 

24.8 

2 

17.0 

14 

13.1 

14 

9.4 

July    18 

21.6 

18 

12.5 

18 

7.4 

« 

Jwly   22 

22.4 

26 

8.3 

/ 

^m^mw     db 

18 

7.2 

18 

20.6 

Oct.    22 

24.2 

22 

7.7 

22 

21.0 

Oct.    26 

25.2 

24 

12 

21.2 
14.4 

k 

'"'12' 

""s.z 

13 

8.7 

Nov.  16 

26.2 

16 

7.8 

10 

14.1 

Noy.  20 

29.5 

1882. 

16 

6.0 

16 

0.2 

Feb.   18 

10.4 
18.2 

17 
20 

6.3 
6.1 

Feb.   20 

"""26' 

'"'s'h' 

Feb.   22 

28.2 

4 

6.5 

4 

7.5 

Mar.    8 

16.6 

8 

7.6 

8 

8.6 

Mar.  12 

20.1 

23 

10.2 

23 

15.8 

24 

10.5 

Apr.  27 

24.3 

27 

9.5 

27 

14.4 

May     1 

24.8 

25 

11.0 

25 

13.8 

25 

11.5 

May  30 

27.0 

29 

42.1 

29 

12.9 

29 

11.9 

June     3 

28.1 

31 
27 

13.0 
17.0 

8 
27 

14.1 
14.7 

27 

10.5 

28 

14.8 

July     1 

29.6 

1 

18.8 

1 

10.4 

1 

14.2 

July     5 
1 

32.2 

3 

19.2 

7 

11.9 

1 
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St.  Louis. 

Kansas  City. 

1 

Dubuque. 

Peoria. 

Date. 

Stage. 

Date. 

Stage. 

Date. 

Stage. 

Date. 

Stage. 

1883. 

% 

Feb.   14 

7.4 

Feb.   18 

25.8 

17 

5.0 

Feb.   21 

23.8 

21 

7.0 

Feb.   25 

26.2 

26 

8.2 

15 

10.0 

15 

8.7 

17 

13.7 

Apr.  19 

16.5 

19 

12.6 

19 

10.6 

19 

13.6 

Apr.  23 

20.5 

20 
15 

14.2 

15 

12.8 

May   19 

24.0 

19 

19 

12.0 

May   23 

26.5 

18 

21.2 

18 

10.3 

20 

22.7 

June  22 

33.9 

22 

22.5 

22 

10.4 

June  26 

34.8 

1884. 

1 

12.8 

1 

17.5 

3 

13.2 

Apr.     5 
Apr.     9 

26.0 

5 

13,0 

5 

16.0 

28.1 

*^ 

-^  \^9     >^ 

29 

11.0 

May     3 

May     7 

21.8 
25.2 

3 

10.7 

3 

4 

9.6 

4 

7.0 

June    8 
June  12 

18.7 
21.7 

8 

9.6 

8 

6.5 

19 

8,8 

22 

8.9 

22 

5.5 

June  23 
June  27 

21.0 
21.6 

23 

8.0 

23 

5.6 

8 

16.7 

8 

6.8 

8 

5.1 

July   14 

17.6 

12 

15.3 

12 

6.4 

12 

7.7 

July   18 

20.9 

13 

16.6 

26 

13.6 

24. 

4.7 

24 

5.5 

July   28 

15.9 

28 

13.1 

28 

4.5 

28 

5.6 

Aug.    1 

17.2 

1 

13.5 

24 

9.8 

24 

14.5 

Sept.  28 

17.0 

28 

8.0 

28 

13.7 

Oct.     2 

22.2 

29 

9.2 

^    6 

7.9 

6 

11.6 

6 

5.8 

Oct.    10 

18.5 

10 

8.6 

10 

12.9 

10 

9.2 

Oct.    14 
1885. 

20.4 

16 

14.6 

11 

9.4 

8 

8.0 

8 

8 

9.3 

Mar.  12 

19.5 

12 

11.9 

12 

12 

11.2 

Mar.  16 

24.1 

17 
24 

12.8 
9.3 

20 
25 

15.0 
14.9 

25 

9.9 

Apr.  29 
MAy     3 

23.8 
26.1 

29 
2 

10.9 

12.8 

29 

9.8 

29 

14.1 

r    J" 
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St.  Louis. 

Kansas  City. 

Dubuque. 

Peoria. 

Date. 

Stage. 

Date. 

Stage. 

Date. 

Stage. 

Date. 

Stage. 

1885. 

23 

10.4 

23 

9.0 

23 

8.4 

May   27 

17.6 

27 

11.2 

27 

9.5 

27 

7.4 

May   31 

20.2 

2 

12.8 

30 

10.3 

•   9 

13.3 

9 

8.5 

9 

7.5 

June  13 

20.6 

13 

16.7 

13 

7.9 

13 

7.0 

June  17 

27.1 

19 

19.1 

9 

16.0 

9 

8.2 

9 

4.3 

July   13 

20.4 

13 

15.3 

13 

7.5 

13 

5.7 

July   17 

20.6 

7 

10.2 

9 

10.8 

9 

4.8' 

9 

5.4 

Sept.  11 

19.8 

11 

9.2 

11 

5.2 

11 

5.8 

Sept.  15 
1886. 

22.2 

18 

7.3 

7 

10.2 

Feb.     9 
Feb.   13 

18.0 
23.2 

9 
19 

22 

9.7 
16.0 

13.8 

22 

14.3 

23 

7.4 

25 

15.4 

Mar.  26 

21.8 

26 

15.3 

26 

8.3 

28 

15.3 

Mar.  30 

23.2 

27 

15.4 

13 

12.1 

13 

9.0 

13 

12.3 

Apr.  17 

21.6 

17 

15.8 

17 

9.7 

17 

12.8 

Apr.  21 

23.7 

20 
5 

13.6 
11.0 

5 

11.8 

5 

13.6 

May     9 

24.1 

9 

12.6 

9 

12.3 

9 

10.4 

May   13 

27.0 

10 

12.7 

21 

14.6 

21 

5.0 

21 

6.3 

June  25 

16.7 

25 

14.9 

25 

5.7 

25 

5.9 

June  28 

20.4 

27 

15.2 

1 

6.1 

1887. 

11 

9.0 

11 
13 

8.5 
9.0 

11 

13.7 

Mar.  15 

17.1 

15. 

14.8 

15 

8.6 

15 

13.1 

Mar.  19 

20.1 

26 

12.0 

24 

6.0 

26 

IX).  9 

Mar.  29 

16.0 

30 

20.0 

30 

5.8 

30 

10.1 

Apr.    3 

20.6 

1 

20.2 
11.4 

29 

29 

14.6 

29 

5.5 

May     3 

17.1 

3 

10.2 

3 

13.0 

3 

5.1 

May     7 
18iB8. 

18.6 

Mar.  24 
Mar.  28 

19.2 
25.6 

20 
24 
26 

7 

12.5 
12.3 
14.6 

18.1 

20 
24 
31 

7 

12.4 
12.3 
14.1 

12.8 

7 

8.6 

Apr.  11 

21.7 

11 

18.7 

11 

10.2 

11 

11.8 

Apr.  15 

23.2 
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St.  Louis. 

Kansas  City. 

Dubuque. 

Peoria. 

Date. 

Sta^e. 

Date. 

Stage. 

Date. 

Stage. 

Date.l 

Stage. 

1888. 

16 

15.9 

16 

21.9 

16 

7.0 

May   20 

26.8 

20 

14.2 

20 

20.3 

20 

6.7 

May   24 

28.0 

27 

15.7 

27 

16.5 

27 

7.9 

May   31 

29.1 

31 

18.4 

31 

16.0 

31 

12.2 

June     4 

29.4 

1 

18.8 

2 

16.4 

2 

13.0 

23 

18.0 

23 

12.4 

23 

7.3 

June  27 

26.0 

27 

19.2 

27 

12.9 

27 

6.3 

June    1 

27.2 

2 

20.4 

3 

20.4 

3 

11.6 

3 

6.9 

July     7 

23.7 

7 

19.2 

7 

10.9 

7 

8.2 

July   11 
1889. 

25.5 

14 

9.0 

24 

9.8 

24 

6.3 

24 

4.2 

May   27 

16.7 

28 

10.4 

28 

7.1 

28 

4.3 

June    1 

24.6 

29 

10.6 

30 

7.4 

1890. 

22 

14.8 

22 

12.5 

22 

12.4 

June  26 

19.7 

26 

13.8 

26 

14.2 

26 

13.3 

June  30 

20.7 

30 

15.5 

1891. 

16 

6.0 

16 

7.9 

Mar.  20 
Mar.  24 
Mar.  30 

7.4 
14.7 
19.0 

20 
24 

9.4 
10.2 

20 
24 

8.2 
8.6 

25 

10.2 

25 

25 

8.9 

Mar.  29 

18.4 

29 

11.5 

29 

"Ts" 

29 

9.6 

Apr.     2 

19.4 

• 

6 

11.6 

6 

9.8 

6 

11.5 

Apr.  10 

18.1 

10 

10.2 

10 

10.8 

10 

11.6 

Apr.  14 

20.0 

15 

14.5 

11 

9.6 

11 

10.9 

11 

11.6 

Apr.  15 

19.5 

15 

14.5 

15 

11.3 

15 

14.8 

Apr.  19 

22.4 

17 

13.1 

17 

11.5 

17 

15.0 

Apr.  21 

22.5 

21 

13.8 

21 

11.8 

21 

14.9 

Apr.  25 

23.4 

BEPOBT   OF  THE   CHIEF  SiaNAL  OPFICEB. 


St.  Louis. 

BooavUle. 

Keokuk. 

Date. 

Stag,. 

Date. 

Stage. 

Date. 

Stage. 

1874. 

13 

5.6 

13 

7.3 

May   15 

14.4 

15 

5.0 

15 

7.4 

May   17 

18.0 

19 

7,6 

15 

12.8 

15 

6.9 

June  17 

17.  B 

17 

17 

5.0 

June  19 

18.4 

18 

""vs'J 

8 

9.8 

9 

5.0 

July   11 

n.5 

11 

9,7 

11 

5.8 

July   13 
1875. 

15.0 

12 

4.7 

12 

5.8 

Mar.  14 

e.o 

14 

5.2 

14 

6.8 

Mar.  le 

12.2 

16 

5.8 

15 

7.1 

10 

8.6 

10 

10.1 

Apr.  12 

10.2 

12 

8.7 

12 

9.6 

Apr.  14 

19.8 

19 

10.3 

29 

14.0 

20 

11.2 

May     1 

22.0 

1 

14.5 

1 

11.8 

MaJ     3 

24.6 

2 

15.0 

2 

12.1 

3 

8.6 

3 

8.0 

June    6 

18.0 

11.4 

5 

7.8 

June    7 

20.1 

6 

12.1 

21 

12.8 

21 

9.7 

June  23 

23.2 

23 

14.3 

23 

9.3 

June  25 

23.8 

■ 

8 

18.7 

8 
9 

12.8 
12.9 

July   10 

28.  e 

10 

19.5 

10 

12.8 

July  12 

28.8 

30 

13.7 

30 

4.0 

Aug.    1 

25.6 

1 

16.5 

1 

5.2 

isie. 

29.8 

2 

12.0 

2 

7.3 

Apr.    4 

33.6 

4 

13.1 

4 

8.5 

Apr.     6 

24.2 

16 

15.7 

16 

17 

16.3 
16.5 

Apr.  18 

28.2 

IN 

16.9 

18 

16.4 

Apr.  20 

2g.3 

19 

17.1 

6 

12.1 

6 

13.0 

T 

17.9 

May     8 

30.0 

8 

17.7 

14.7 

May  10 

32.0 

15 

1.5.5 

15 

9.2 

Juno  17 

24.8 

17 

17.1 

17 

0.2 

June  19 

26.2 

BBPOKT  OF  THB  CHIEF  SIGNAL  OEFICEB. 


St.  Louis. 

Boonvllle. 

Keokuk. 

IHle. 

Stage. 

Date. 

St*Be. 

Date. 

SUge. 

1876. 

22 

15.1 

22 

9.2 

June  24 

23.9 

24 

15.5 

24 

9.2 

June  26 

27.0 

26 

17.2 

3 

15.7 

3 

8.8 

July     6 

25.6 

6 

17.5 

5 

13.4 

July     7 

30.1 

12 

13.2 

12 

12.1 

Bept.  14 

21. 6 

14 

13.4 

14 

12.3 

Sept.  IS 
1877. 

22.3 

16 

13.5 

8 

11.2 

8 

11.4 

Apr.  10 

20.2 

10 

14.6 

10 

11.6 

Apr.  13 

22.8 

20 

14.8 

20 

10.5 

21 

15.0 

21 

10.7 

Apr.  22 

22.6 

22 

14.9 

22 

9.9 

Apr.  24 

23.6 

16 

14.9 

16 

8.5 

May   18 

23.5 

18 

17.1 

18 

9.1 

May   20 

25.6 

17.7 

10 

18.2 

10 

7.5 

June  12 

25.8 

12 

19.6 

12 

6.8 

June  14 

26. 6 

13 

19.9 

27 

18.0 

30 

9.2 

30 

17.2 

1 

10.2 

July     2 

25.8 

2 

17.3 

2 

0.8 

'%,.' 

26.6 

8 

8.7 

8 

2.8 

Mar.  10 

17.2 

10 

11.1 

10 

4.0 

Mar.  12 

22.8 

U 

11.7 

11 

5.3 

21 

9.3 

21 

4.7 

Apr.  23 

18.5 

23 

9.6 

23 

6.1 

Apr.  25 

22.0 

4 

12.9 

4 

7.4 

May     B 

20.8 

6 

13.4 

6 

7.4 

May     8 

21.2 

7 

13.5 

2 

14.9 

2 

5.1 

June    4 

23.5 

4 

14.8 

4 

9.0 

June     S 

24.4 

7 

10.8 

10 

11.0 

11 

16.4 

11 

10.8 

June  13 

ai.4 

13 

16.6 

13 

9.8 

June  15 

25.8 

3 

16.0 

3 

4.5 

July     5 

22.2 

5 

17.1 

5 

4.8 

July     7 

22.4 
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St.  Louis. 

BoonvUle. 

Keokuk.-    1 

bate.   , 

Stage. 

Date. 

Stage. 

Date. 

Stage. 

1878. 

28 

14.9 

28 

4.0 

July    30 

ig.4 

30 

16.3 

30 

5.1 

Aug.    1 

20.2 

1 

5.8 

27 

5.8 

29 

17.5 

29 

5.1 

July     1 

21.0 

1 

17.9 

1 

4.6 

July-     3 

31.2 

1880, 

30 

9.8 

30 
31 

8.4 
8.5 

June    1 

n.  1 

9.7 

8.3 

June    3 

n.8 

8 

J].4 

g 

11.4 

fi 

8.6 

June  10 

18.6 

10 

11. 0 

10 

9.1 

June  12 

20.2 

8 

14.1 

8 

14.0 

July   10 

26.4 

10 

14.7 

10 

13.0 

"i&i!' 

26.5 

12 

15.1 

14.2 

Mar.  18 

21.7 

15.4 

Mar.  20 

22.3 

13 

17.7 

13 

13.2 

Apr.  15 

27.6 

15 

18.0 

15 

13.2 

Apr.  17 

27.8 

34 

17,4 

2 

22.3 

2 

13.9 

3 

22.8 

May     i 

33.2 

4 

22.6 

4 

12.7 

May     6 

33.6 

17 

14.  B 

13.5 

12.6 

May   34 

24.6 

24 

14.6 

34 

11.7 

May  26 

26.0 

17 

15.1 

17 

11.7 

18 

1Q.0 

JuDe  19 

23.  S 

19 

15.8 

19 

11.2 

June  21 

24.7 

21 

12.5 

30 

1 

15.3 
15.fi 

30 

12.0 

July     2 

24.0 

15.4 

11.1 

July     t 

24.8 

16 

13.1 

18 

12.7 

18 

15.6 

July    20 

20 

12.4 

30 

14.4 

July   22 

22.4 

22 

n.8 

22 

17.8 

Oct.    24 

24.8 

24 

u.» 

24 

17.9 

Oct.    26 

25.2 

20 

18.8 
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St.  Louis. 

Boonville. 

Keokuk. 

Date. 

Stage. 

Date. 

Stage. 

Date. 

Stage. 

1881. 

16 

9.7 

16 

14.8 

Nov.  18 

28.7 

18 

9.7 

18 

14.6 

Nov.  20 

J!9.  D 

19 

9.9 

1882. 

18 

7.7 

18 

4.6 

Fob.   20 

18.2 

20 

9.2 

20 

4.8 

Feb.   22 

28.2 

22 

8.7 

22 

5.3 

Feb.   24 

25.6 

8 

7.3 

8 

7.1 

Mar.  10 

18.0 

10 

9.1 

10 

7.6 

Mar.  12 

20.1 

24 

12.4 

24 

•     15.8 

27 

12.2 

27 

15.6 

Apr.  29 

24.6 

29 

11.8 

29 

14.8 

May     1 

24.8 

30 

12.9 

30 

13.9 

31 

13.4 

June    1 

27.8 

1 

13.2 

1 

14.5 

June    3 

28.1 

1 

19.1 

30 

15.0 

o 

20.1 

1 

14.8 

July     3 

31.8 

3 

19.9 

3 

14.2 

July     5 
1»33. 

32.2 

14 

9.4 

Feb.   16 

20.0 

16 

14.7 

Feb.   18 

25.8 

^ 

16 
21 

14.7 
11.8 

Feb.   23 

24.5 

23 

10.7 

Feb.   25 

26.2 

19 

10.9 

19 

8.2 

Apr.  21 

17.8 

21 

12.6 

21 

8.2 

Apr.  23 

20.5 

18 

15.2 

19 

1^ 

14.8 

May    21 

26.0 

21 

21 

13.7 

May   23 

26.5 

22.3 

21 

13.2 

23 

22.6 

22 

12.9 

June  24 

34.4 

24 

22. 1 

24 

11.3 

June  26 

34.8 

l.oo4. 

1 

16.0 

5 

13.3 

5 

14.8 

Apr.     7 

26.9 

4 

14.7 

7 

14.1 

Apr.     9 

28.1 

10 

15.4 

3 

11.7 

3 

10.0 

May     5 

23.6 

5 

12.7 

5 

9.8 

May     7 

25.2 

6 

12.8 

8 

10.4 

UTAn  f] 

>1 Trm. 

Tsr 

-tt 
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St.  Louis. 

Boonville. 

Keokuk. 

Date. 

Stage. 

Date. 

Stag^e. 

Date. 

Stage. 

1884. 

8 

11.9 

8 

7.6 

June  10 

20.6 

10 

13.0 

10 

7.9 

June  12 

21.7 

12 

13.7 

23 

14.9 

23 

6.8 

Juno  25 

21.2 

25 

15.1 

25 

7.1 

June  27 

21.6 

14 

12.1 

14 

5.2 

July   16 

19.0 

16 

13.5 

16 

5.0 

July   18 

20.9 

28 

9.2 

28 

9.6 

Sept.  30 

20.5 

30 

10.2 

30 

10.3 

Oct.     2 

22.2 

9 

13.3 

10 

7.8 

10 

13.1 

Oct.    12 

20.1 

12 

8.1 

12 

13.1 

Oct.    14 

20.4 

1885. 

6 

16.9 

12 

11.5 

12 

Mar.  14 

21.8 

14 

9.8 

14 

11.3 

Mar.  16 

24.1 

29 

13.2 

26 

11.2 

30 

13.4 

29 

10.6 

May     1 

25.2 

-    1 

13.5 

1 

10.1 

May     3 

26.1 

27 

10.9 

27 

7.1 

May   29 

18.5 

29 

11.8 

29 

7.0 

May   31 

20.2 

13 

14.5 

13 

12.3 

June  15 

24.1 

15 

16.1 

15 

9.5 

June  17 

27.1 

22 

18.0 

10 

7.2 

13 

13.6 

13 

6.4 

July    15 

20.0 

15 

13.2 

15 

6.0 

July   17- 

20.6 

11 

10.5 

11 

6.5 

Sept.  13 

19.4 

13 

9.9 

13 

7.1 

Sept.  15 
1886. 

22.2 

17 

8.4 

9 

7.4 

Feb.    11 

20.6 

11 

7.6 

Feb.    13 

23.2 

26 

13.5 

26 

12.9 

Mar.  28 

22.6 

28 

13.1 

28 

13.5 

Mar.  30 

23.2 

31 

14.3 

i7 

'"'ii.'9" 

17 

10.9 

Apr.  19 

22  6 

19 

12.4 

19 

11.5 

Apr.  21 

23.7 

20 

12.8 
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St.  Louis. 

Boonville. 

Keokuk. 
Date.    Stage. 

Date. 

Stage. 

Date. 

Stage. 

1886. 

6 

16.0 

9 

11.3 

9 

14.3 

May    11 

24.9 

11 

11.7 

11 

14.0 

May   13 

27.0 

13 

12.7 

25 

12.1 

25 

3.9 

June  27 

16.2 

27 

13.1 

27 

4.1 

June  29 

20.0 

29 

13.6 

29 

4.4 

1887. 

15 

10.9 

15 

10.2 

Mar.  17 

18.8 

17 

12.7 

16 

10.4 

Mar.  19 

20,1 

17 

10.2 

30 

15.2 

30 

5.8 

Apr.     1 

20.4 

1 

16.0 

1 

5.5 

Apr.     3 
1888. 

20.6 

24 

13.2 

24 

9.0 

Mar.  26 

23.2 

26 

15.9 

26 

10.0 

Mar.  28 

25.6 

27 

16.6 

27 

10.5 

11 

14.4 

11 

9.8 

Apr.  13 

22.3 

13 

15.6 

13 

11.2 

Apr.  15 

23.2 

15 

11.9 

16 

15.6 

16 

19.6 

20 

13.1 

20 

18.9 

May   22 

27.6 

oo 

12.6 

22 

18.5 

May   24 

28.0 

29 

17.0 

31 

16.4 

31 

15.8 

June    2 

28.8 

2 

17.8 

2 

14.6 

Juno    4 

29.4 

3 

17.9 

27 

17.0 

27 

9.8 

Juno  29 

26.6 

29 

18.5 

29 

9.2 

July     1 

27.2 

/ 

7 

16.5 

7 

9.2 

July     9 

24.0 

9 

16.3 

9 

10.1 

July   11 

im. 

25.5 

28 

10.7 

28 

5.6 

May   30 

21.8 

30 

14.5 

30 

5.6 

June "  1 

24.6 

^31 

15.2 

1890. 

23 

10   9 
JLm.  ^ 

26 

11.0 

26 

12.0 

Juno  28 

19.7 

28 

11.7 

28 

12.3 

June  30 
1891. 

20.7 

30 

12.6 

■ 

9 

6.4 

9 

10.4 

Apr.  11 

18.4 

11 

8.1 

11 

10.3 

Apr.  13 

20.0 

17 

14.2 

17 

10.2 

18 

14. 3 

18 

10.3 

Apr.   11) 

22.4  i 

IS) 

14.1 

19 

10.2 

Apr.  21 

22.  o  j 
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St.  Louis. 

Boonville 

Keokuk. 

Date. 

Stage. 

Date. 

Stage. 

Date. 

Stage. 

1891. 

Apr.  23 
Apr.  25 

22.6 
23.4 

21 
23 

13. 5 
14.1 

21 
22 

10.4 
10.6 
10.4 

MEMPHIS,  TENN. 

The  danger  line  at  Memphis  is  at  33  feet. 

The  high  water  of  April  4, 1890,  was  35.6  feet. 

The  distance  to  Cairo  is  230  miles ;  the  difference  in  level  of  the  zeros  of  gauges 
is  86.9  feet. 

The  corresponding  stages  at  Memphis  and  at  Cairo  three  days  preceding  are 
given  in  table  below,  with  other  stages. 

HELENA,  ARK. 

The  danger  line  at  Helena,  Ark.,  is  at  37  feet.  The  highest  water  April  30, 
1886,  was  &.1  feet. 

The  distance  from  Helena  to  Cairo  is  306.5  miles ;  the  difference  in  level  of 
the  zeros  of  the  gauges  is  128.9  feet. 

The  corresponding  stages  at  Helena  and  at  Cairo  four  days  before  are  given 
below. 

A  great  deal  of  water  is  added  to  the  Mississippi  just  above  Helena  by  the  St. 
Francis.  When  the  stages  at  Cairo  ai*e  high,  above  45  feet,  the  St.  Francis  bot- 
toms become  flooded.  The  water  runs  into  the  bottoms  at  a  36-foot  stage  on  the 
Helena  gauge  and  at  29  feet  on  the  Memphis  gauge.  This  water  comes  into  the 
bottoms  all  the  way  from  Cape  Girardeau  down ;  it  all  returns  to  the  Mississippi 
River  through  the  St.  Francis  River. 

The  drainage  area  of  the  St.  Francis  River  is  about  9,700  square  miles. 

The  filling  of  the  bottoms  exercises  a  retarding  influence  on  th"*  time  of  occur- 
rence of  wave  crests  at  Helena.  For  stages  of  the  river  at  Cairo  greater  than  45 
feet  the  average  time  of  crest  at  Helena  after  the  occurrence  of  a  crest  at  Cairo 
is  fourteen  days,  sometinfesas  short  as  nine  days,  and  sometimes  as  long  as  twenty- 
four  days. 

In  the  average  of  case«  there  is  a  rise  of  2  feet  at  Helena  after  the  time  of  a 
crest  at  Cairo  when  the  greatest  stage  at  Cairo  is  45  feet ;  when  the  Cairo  stage 
is  50  the  subsequent  rise  at  Helena  is  on  the  average  3.5  feet. 

ARKANSAS  CITY,  ARK. 

Th«  danger  line  at  Arkansas  City  is  at  42  feet.  The  highest  water,  47.10  feet, 
occurred  February  27,  1882. 

The  distance  from  Arkansas  City  to  Cairo  is  438.3  miles ;  the  difference  in  the 
level  of  the  zeros  of  gauges  is  174.4  feet. 

The  corresponding  s&ges  of  water  at  Arkansas  City  and  at  Cairo  five  days 
previous  are  given  l^low. 

The  principal  tributaries  coming  into  the  Mississippi  between  Cairo  and  Ar- 
kansas City  are  the  Arkansas  River,  the  White  River,  and  the  St.  Francis. 

GREENVILLE,  MISS. 

The  highest  water  at  Greenville,  41.68  feet,  occurred  February  27, 1882. 

The  distance  from  Greenville  to  Cairo  is  478.5  miles ;  the  difference  in  level  of 
the  zeros  of  the  gauges  is  182.8  feet. 

The  corresponding  river  stages  at  Greenville  and  at  Cairo  six  days  previous 
are  given  below. 
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VICKSBURG,  MISS. 

The  danger  line  at  Vicksburg^  is  at  4^  feet.  The  highest  water,  that  of  1862, 
was  51 .7  feet. 

The  distance  from  Vicksburg  to  Cairo  is  599.3  miles ;  the  difference  in  level 
of  the  zeros  of  the  gauges  is  224.8  feet. 

The  corresponding  stoges  at  Vicksburg  and  at  Cairo  seven  days  previous  are 
given  below. 

The  principal  tributaries  coming  into  the  Mississippi  River  between  Cairo 
and  Vicksburg  are  the  Arkansas^  draining  185,670  square  miles,  and  the  White, 
draining  27,500 ;  the  Yazoo,  draming  13,850  square  miles,  and  the  St.  Francis, 
draining  9,700  square  miles. 


Memphis, 

Helena,  Ark., 

Arkansas  City, 
five  days  after. 

Greenville, 

Vicksburg, 

Cairo. 

three  days 
after. 

four  days 
after. 

six  days 
after. 

seven  days 
after. 

12 
13 
14 
15 

16 
17 

10.7 
12.4 
13.8 
15.4 

16.7 
18.3 

ii.T 

18 

12.3 

19.6 

19 

13,1 

20.4 

20 

14.1 

21.0 

23.0 

21 

14.9 

21.7 

23.7 

18.8 

22 

15.7 

22.4 

24.8 

20.3 

23 

16.5 

23.2 

25.7 

21.4 

21.7 

.    21 

17.4 

:W.5 

26.7 

22.8 

23.4 

25 

18.3 

25.7 

27.7 

24.2 

25.4 

26 

19.0 

26.9 

28.6 

25.4 

27.2 

27 

19.9 

28.2 

29.6 

26.7 

29.3 

28 

20.8 

29.3 

30.4 

28.0 

30.6 

29 

21.7 

30.5 

31.5 

29.0 

31. 5 

30 

22.5 

31.5 

32.5 

29.7 

32.4 

31 

23.3 

32.4 

33.5 

30.4 

33.3 

« 

32 

24.0 

33.4 

34.5 

31.3 

34.4 

33 

25.0 

34.4 

35. 5 

32.3 

35.3 

34 

25.7 

35.3 

30. 5 

33.3 

36.3 

I            35 

26.7 

36.2 

37. 5 

34.2 

37.3 

1           36 

27.6 

37.1 

38.3 

35.3 

38.2 

37 

28.4 

38.0 

.     39. 2 

36.3 

39.1 

I           38 

29.2 

38.8 

40.2 

37.3 

40.0 

39 

30.0 

39.6 

40.8 

38.3 

40.7 

40 

30.7 

40.4 

41.5 

38.7 

41.5 

41 

31.4 

41.1 

42.2 

39.4 

42.4 

42 

32.1 

41.7 

42,7 

40.0 

43.3 

43 

32.6 

42,1 

43.4 

40.1 

44.2 

44 

33.0 

42.4 

43.8 

40.2 

44.9 

45 

33.4 

42.6 

44.3 

40.3 

45.6 

46 

33.7 

42.8 

44.7 

40.4 

46.3 

47 

33.9 

43.1 

45. 2 

40.5 

47.0 

48 

34.1 

43.3 

45.7 

40.6 

47.7 

49 

34.3 

43.7 

46.2 

40.7 

48.3 

50 

34.4 

44.0 

46.6 

40.8 

48.6 

51 
52 

34.5 
34.6 

1 

44.3 
44.6 

/ 

40.9 

4fi.ft 

41.0  \             AftC\\ 

A.m  •   \^ 

1                                                    ^^F  •     X* 

_\ 
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The  best  method  of  findincj  a  coming  stage  of  water  at  Vicksburg  is  by  means 
of  the  rise  in  the  Ohio  at  Cairo  and  the  rise  in  the  Arkansas  at  Little  Rock. 

When  the  river  has  been  rising*  for  seven  days  at  Cairo  and  has  reached  a 
crest,  the  rise  in  the  next  seven  days  at  Vicksburg  will  be  equal  to  the  seven- 
day  rise  preceding  at  Cairo  multiplied  by  the  mean  of  stage  at  Cairo  on  day  of 
crest  and  seven  days  before,  plus  one-third  of  the  five-day  rise  at  Little  Kock 
(or  minus  in  case  of  a  fall)  multiplied  by  the  mean  stage  of  water  at  Little  Hock 
on  the  day  of  the  Cairo  crest  and  five  days  before;  the  sum  divided  by  the 
Vicksburg  stage  on  the  day  of  the  crest  and  multiplied  by  a  factor  as  follows, 
dependent  on  the  Vicksburg  stage : 


Vicksburg  stage, 

Factor. 

Vicksburg  stage, 

Factor. 

day  of  Cairo  crest. 

day  of  Cairo  crest. 

23 

0.800 

35 

0.460 

24 

0.777 

25 

0.765 

36 

0.420 

37 

0.370 

26 

0.752 

38 

0.330 

27 

0.738 

39 

0.294 

28 

0. 726 

40 

0.252 

29 

0.714 

30 

0.090 

41 

0.210 

42 

0.170 

31 

0.650 

43 

0.130 

32 

0.612 

44 

0.090 

33 

0.560 

45 

0.090 

34 

0.510 

* 

/ 

In  the  following  table  the  principal  rises  at  Vicksburg  since  1872  are  shown, 
and  the  rises  as  computed  by  the  first  rule  and  the  differences  between  the  ob- 
served and  computeu. 

The  second  part  of  table  contains  the  rises  computed  by  the  same  rule,  taking 
the  day  of  a  crest  at  Little  Rock  as  the  starting  point.  In  these  cases  the  rule 
strictlv  considered  does  not  apply  in  all  of  the  cases  because  there  is  often  a  faU^ 
instead  of  a  rise  preceding  at  Cairo.  None  of  the  rises  in  the  second  part  were 
used  in  deriving  the  rule,  so  that  the  close  agreement  of  the  computed  and  ob- 
served rises  is  a  tolerably  satisfactory  check  on  the  usefulness  of  the  rule  in  com- 
puting the  stages. 

Observed  and  Computed  Rises  at  Vicksburg,  from  the  River  stages 

AT  Cairo  and  Little  Rook. 

vicksburg.-part  I. 


Date. 

deserved 
stage. 

Rise  in 
seven  days. 

'  Additional  rise  to 
crest. 

Computed 
rise. 

Residuals 
Com.-Obs. 

1872. 
Apr.   19 

1873. 
Feb.    26 
Apr.  12 
May    17 
Doe.    18 

1874. 
Jan.    17 
Feb.      2 

1ST5. 
Jan.      8 
Mav      7 
Dec.      2 

/                   J 

36.0 

36.7 
36. 0 
39. 3 
30.3 

21.3 
31.5 

19.6 
40.4 
18.0 

2.8 

2.1 
2.9 
0.7 

4.8 

9.9 
4.1 

«r         »• 
t).    ff> 

0.7  in  (T days 

0.9  in  0  days 

2.1 

1.7 
3.0 
1.4 
4.3 

12.1 
4.0 

6.5 
2.1 
8.0 

—0.7 

—0.4 
0.1 
0.7 

—0.5 

2.2 
—0.1 

1.0 
1.5 
1.0 

0.6  in  6  days 

0.4  in  3  days. 

0.4  in  2  davs 

0.  2  in  1  day 

0.6 
7.0 
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Observed  and  Computed  Rises  at  Vicksburg,  etc.— Continued. 

VICKSBURG— PART  I-Contdnaed. 


Date. 

Observed 
stage. 

Else  in 
seve^days. 

Additional  rise  to 
crest. 

Computed 
rise. 

Residuals 
Com.-Obs. 

1876. 
Jan.     8 
May    14 
June  10 

1877. 
Jan.    28 
Dec.     4 

1878. 
Jan.     4 
Feb.     5 
Mar.  17 
Apr.  29 

1879. 
Jan.    26 
Dec.    17 

1880. 
Jan.     2 
Feb.    24 
July     9 

1881. 
Jan.    28 
Mar.  25 
Apr.  20 
June  22 

18if5». 
Feb.    26 

1883. 
Jan.    30 
Feb.   27 
Nov.  30 

1884. 
Jm.     3 
Feb.   15 
Feb.   22 
Mar.  23 
Mar.  30 

1885. 
Apr.  14 
Apr.  28 
Nov.  14 
Dec.   22 

1886. 
Apr.  19 
May   17 
Nov.  30 
Dec.  27 

1887. 
Mar.    9 
May     2 

1888. 
Ffeb.   28 
Apr.     3 
Sept.    1 
Nov.    4 
Nov.  17 

33.1 

44.8 
38.6 

29.4 
21.7 

27.7 
30.4 
40.2 
36.7 

32.1 
21.9 

31.7 
36.0 
28.5 

25.2 
40.6 
40.9 
26.0 

44.5 

22.6 
42.0 
23.2 

28.7 
40.7 
43.8 
48.9 
48.3 

30.2 
35.4 
15.1 
13.5 

41.2 

42.9 

8.5 

7.1 

43.2 
29.9 

23.4 
35.6 
19.0 
11.0 
21.3 

5.1 

—0.2 

0.0 

6.5 
4.8 

,     5.3 
3.2 
0.8 
3.6 

5.3 
8.1 

4.5 
3.2 
5.4 

7.8 
0.6 
0.2 
5.2 

0.1 

8.4 
0.6 
6.3 

7.3 
3.1 
1.1 
0.1 

—  1.5 

3.8 
4.6 
7.8 
6.5 

1.6 

—  0.6 
11.8 

9.8 

0.8 
6.5 

5.7 
4.2 
5.9 
7.6 
7.6 

0.2  in  2  days 

4.8 
0.6 
1.5 

5.2 

4.1 
3.5 
1.0 
3.7 

5.4 
9.4 

5.4 
4.3 
6.1 

8.3 
1.4 
1.0 
6.0 

0.6 

10.6 
0.2 
6.1 

8.3 
2.1 
0.2 
0.5 
0.2 

3.8 
4.3 
8.7 
9.0 

0.5 
1.1 

(?) 

b) 

0.3 
7.4 

4.8 
5.2 
5. 5 
9.(i 
10.2 

—0.3 
0.8 
1.5 

—1.3 

—1.2 
0.3 
0.2 
0.1 

0.1 
1.3 

0.9 
1.1 
0.7 

0.5 
0.8 
0.8 
0.8 

0.5 

2.2 
—0.4 
—0.2 

1.0 

—1.0 

—0.9 

0.4 

1.7 

0.0 

—0.3 

0.9 

2.5 

—1.1 
1.7 

0.1  in  1  day 

0.4  in  2  days 

0.4  in  2  days 

0.4  in  3  days 

0.1  in  5  days 

0.3  in  2  days 

2. 9  in  7  days 

0.5  in  8  days 

0.2  in  1  day 

0.2inl  day 

1.4  in  7  days 

0.9  in  5  days 

0.3  in  1  day 

O.linlday 

1.4  in  11  days 

0.2  in  1  day 

0.5  in  2  days 

0.7  in  10  days 

1.8  in  6  days 

0.5  in  4  days 

—0. 5 
0.9 

—0.9 
1.0 

0. 03  in  1  day 

—0.4 
2.0 
2.6 
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Observed  and  Computed  Rises  at  Vicksburg,  etc.— Continued. 

VICKSBURG— PART  I-Contlnued. 


Date. 

Observed 
stage. 

Rise  in 
seven  days. 

Additional  rise  to 
crest. 

• 

Computed 
rise. 

Residuals 
Com.-Obe. 

1889. 
Jan.    22 
Feb.   26 
Mar.  26 
June  24 

1890. 
Jan.    20 
Feb.   17 
Mar.  12 
Apr.     3 
May    29 

1891. 
Mar.    4 
Apr.     6 
Apr.  23 

29.5 
22.6 
25.9 
29.8 

34.3 
45.2 
47.4 
46.6 
42.0 

44.4 
48.0 
47. 3 

4.3 
9.2 
4.0 
4.3 

5.3 
0.6 
0.6 
0.9 

—  1.2 

1.9 

—  0.2 
0.1 

1 

2.7 

13.0 

4.0 

5.7 

5.4 
0.3 
0.2 
0.2 
0.5 

0.2 
•K2 

—1.6 
3.8 
0.0 
1.4 

0.1 
—0.3 
—0.4 
—0.7 

1.7 

—1.7 
0.4 

1.8  in  6  days 

0.4  in  2  days 

0.3  in  2  days 

1.6  in  15  days 

1.5  in  10  days 

VICKSBURG-PART  II. 


1872. 

May   20 
1873. 

25.0 

May    22 

39.8 

Dec.    13 

22.8 

.     1874. 

Feb.    26 

32. 6  1 

1875. 

1 

May     5 

40. 5 

Aug-.    5 

39.2 

1876. 

Jan.    31 

:«.7 

Mar.  28 

41.2 

Apr.     5 

42.5 

1877. 

May    24 

41.1 

Juno  11 

37. 2 

1878. 

Feb.    25 

35.4 

Apr.  27 

34.8 

May    28 

1882. 

37.8 

Feb.   25 

44.4 

May    12 

41.7 

1883. 

Feb.   19 

38.8 

May   24 

38.0 

June     6 

38.8 

June  14 

39.0 

1884. 

Feb.   11 

36.7 

1885. 

Jan.      1 

17.2 

Mav    23 

;«.8 

July    10 
1889. 

:^.8 

Jan.    20 

27.2 

Mar.  28 

25.6 

6.2 

0.8 
9.5 

6.2 

0.3 
1.0 

1.7 
1.2 
0.8 


1.6  in  5  days 

3.2' in  8  days".."!! 

1.9  in  7  days 

0. 2  ill  2  days 

0.6  in  4  days 

1.0  in  7  days 

0. 8  in  7  days 

0. 5  in  3  days 


0.3 

2. 2  I    0. 8  in  7  days 


2.8 
.5.0 
1.2 

0.2 
0.2 

3.0 
0.2 
0.2 
0.3 

5.8 

17.0 
4.4 
2.9 

6.2 
4.7 


1.6  in  7  days 
1. 0  in  6  days 
0. 6  in  1  day  . 


0. 7  in  7  days 
0. 4  in  5  days 
1. 8  in  7  days 


0. 4  in  2  days 


4.5 

—1.0 
8.6 

8.2 

2.6 
2.0 

2.4 

1.4 
0.4 

—0.2 
2.0 

1.6 
5.6 
1.9 

0.7 
1.4 

0.8 
2.0 
0.3 
1.6 

6.0 


—0.7 
—0.5 

5.3 
4.4 


—1.7 

—1.8 
—0.9 

2.0 

2.3 
1.0 

0.7 

0.2 

—0.4 

0.1 
—0.2 

—1.2 
0.6 
0.7 

0.5 

1.6 

2.2 
1.8 
0.1 
1.3 

0.2 


3.7 
2.4 

—0.9 
—0.3 
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Obser\'ed  and  Computed  Rises  at  Vicksburg,  etc.— Continued. 

VICKSBURG— PART  n— Continued. 


Date. 

Observed 

Rise  in 
seven  days. 

Additional  rise  to 
crest. 

Computed 
rise. 

Residuals 
Com.-Obs* 

1890. 
Mar.  14 
Apr.  19 
Apr.  30 
Nov.  21 
Dec.  30 

1891. 
Jan.    13 
Feb.     4 
Feb.   27 
Apr.     3 

47.8 
48.6 
48.7 
17.6 
10.7 

29.7 
29.0 
43.0 
48.1 

—  0.7 
0.4 

—  0.9 
8.1 
9.0 

3.9 
7.6 
1.8 

—  0.1 

0.2 
.—0.6 
0.3 
7.6 
9.8 

3.0 
7.4 
0.4 
0.1 

0.9 
—1.0 

1.2 
—0.5 

0.8 

—0.9 

-0.2 

—1.4 

0.2 

0.9  in  2  days 

10.0  In  7  days 

3.6  in  7  days 

2.0  in  7  days 

Another  rule  used  for  Vicksbur^^,  but  not  as  good  as  that  given  above  is,  that  the 
rise  in  seven  days  at  Vicksburg  after  a  crest  at  Cairo  is  equal  to  the  preceding 
seven-day  rise  at  Cairo  multiplied  by  1.02  plus  the  five-day  rise  at  Little  Rock 
preceding  the  Cairo  crest,  multiplied  by  0.37,  the  whole  multiplied  by  a  factor 
equal  to  1,000  divided  by  1,000  plus  the  square  of  the  Vicksburg  stage  on  day  of 
Cairo  crest. 

With  a  high  stage  of  water  at  Vicksburg,  when  the  river  at  Cairo  is  falling, 
it  is  coimterDalanced  by  a  rise  in  the  Arkansas  and  White  rivers.  April  16  to 
23, 1891,  the  river  at  Cairo  fell  from  42.7  to  37.2:  April  23  to  30  the  river  at 
Vicksburg  rose  from  47.3  to  47.4;  at  Little  Rock  the  river  rose  April  18  to  23 
from  9.5  to  20.9;  at  Newport  the  iWhite  River  i-ose  April  17  to  24  from  12.1  to 
21.5.  The  changes  multiplied  by  stages  show  the  relation  between  those  at 
Cairo  and  the  sum  of  those  at  Little  Rock  and  Newport  when  the  river  t*emains 
constant  at  Vicksburg  to  be  as  240  to  303. 

In  the  above  instance  the  stage  at  Helena  was  falling  and,  on  day  of  Vicksburg 
crest  was  40.6,  having  fallen  from  44.7,  the  highest. 

The  most  important  rises  at  Vicksburg  and  the  preceding  stages  at  Cairo, 
Little  Rock,  and  Newport,  or  Jacksonport  on  the  White  River  are  given  below. 


Vicksburg. 

Cairo. 

Little  Rock. 

Jacksonport. 

Date. 

Stage 

Date. 

Stage 

Date. 

Stage. 

Date. 

Stage. 

1872. 

12 

33.6 

14 

12.2 

12 
13 

10.5 
10.2 

Apr.  19 

36.0 

19 

39.2 

19 

7.8 

19 

10.2 

Aipr.  26 

May     2 

1*73. 

38.8 

39.5 

20 

25.4 

19 

36.9 

21 

10.7 

21 

25.7 

Feb.   26 

36.7 

26 

4L6 

26 

7.5 

26 

17.4 

Mar.    5 

38.8 

Mar.  11 

39.7 

5 

35.7 

7 

4.7 

6 

4.2 

« 

11 

21.5 

Apr.  12 

36.0 

12 

40.6 

12 

22.6 

12 

29.9 

Apr.  19 

38.9 

13 

30.0 

1 

BEPORT  OF  THK  CHIEF   SIQHAL  OFFICES. 


Vlcksburg. 

Cairo. 

Littl 

Rock. 

Jackaonport.  1 

Date. 

Stage 

Date. 

Staffe 

Date. 

Stage. 

Date. 

St£ge. 

1873. 

9 

20.5 

JO 

3;i.4 

12 

fl.l 

11 

20.0 

May   n 

39.3 

17 

38,8 

8.5 

17 

16.5 

May    24 
May    30 

40.0 

22 

18.0 

40.6 

12 

23.4 

U 

26.2 

13 

18.9 

14 

2.3.8 

Dec.   16 

30.3 

18 

33.3 

18 

13.2 

18 

20.2 

Dec.   2i 

35.1 

Dec.   28 

35.5 

1874. 

10 

17.7 

12 

2.9 

10 

3.2 

Jan.    n 

21.3 

31.0 

17 

2.3 

17 

2.1 

Jan.    24 

31.2 

Jan.    2d 

31,0 

27 

15.2 

26 

25.3 

23 

1.3. 5 

29 

16.0 

Feb.     2 

31.5 

2 

33.0 

y.8 

15.0 

Feb.     9 

35.6 

Feb.    10 

35.8 

1875. 

3 

8.0 

1 

11.2 

1 

17.6 

4 

11. 0 

2 

11.0 

Jan.      8 

IB.O 

8 

34.0 

8 

7.6 

8 

U.8 

Jan.    Ill 

25.1 

2 

12. 5 

1 

9.9 

■  1 

28.7 

21.0 

6 

26.8 

May     7 

40.4 

7 

37.0 

7 

18.3 

26.1 

May    U 

41.0 

25 

15.0 

26 

4  1 

""27" 

""o.h' 

27 

3.5 

Dec.     2 

18.0 

2 

23.0 

1.2 

2 

2.8 

Dec.     9 

25.0 

1876. 

2 

2.6 

1 

30.7 

3 

2.9 

7 

9.2 

Jan.     8 

33.1 

8 

39.0 

8 

4.0 

8 

8.3 

Jan.    15 

38.2 

Jan.    n 

38.5 

0 

14.0 

3 

25.1 

7 

35.0 

13 

1«.3 

9 

26.3 

May    14 

44.  S 

14 

42.2 

J4 

17.5 

14 

22.5 

May    21 

44.7 

12 

20.1 

14 

G.0 

13 

9.3 

Juno   19 

38.  C 

19 

32.6 

III 

11.8 

19 

14.0 

June  26 

38.6 

20 

12.  U 

Juno  27 

38.7 

1877. 

21 

30.8 

23 

2.0 

22 

1.0 

Jan.    28 

29.4 

37.0 

28 

1.7 

23 

0.8 

Feb.     4 

3.i.8 

Feb.     0 

36.3 
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Vickflburg. 

Cairo. 

Little  Rock. 

Jacksonport. 

Dato. 

Stage 

Date. 

Stage 

Date. 

Stage. 

Date. 

Stage. 

1877. 

27 

16.3 

m 

12.0 

Dec.     4 

21.7 

4 

23.6 

4 

8.2 

Dec.   11 

26.5 

9 

10.8 

1878. 

28 

19.9 

30 

17.0 

Jan.     4 

27.7 

4 

27.0 

4 

15.8 

J 

Jan.    11 

33.0 

/ 

29 

21.8 

31 

11.3 

Feb.     6 

30.4 

5 

27.8 

5 

11.5 

Feb.   12 

33.6 

6 

11.7 

• 

10 

30.5 

12 

15.0 

Mar.  17 

40.2 

17 

35.7 

17 

11.0 

Mar.  24 

41.0 

24 

12.9 

22 

26.5 

27 

21.6 

Apr.  29 

36.7 

29 

37.0 

29 

19.4 

May     6 
1879. 

40.3 

19 

26.5 

21 

9.5 

20 

7.8 

Jan.    26 

32.1 

26 

36.0 

26 

5.8 

26 

6.8 

Feb.     2 

37.4 

3 

16.6 

1879. 

12 

1.5 

11 

6.1 

10 

20.0 

15 

5.5 

14 

7.2 

Dec.   17 

21.9 

17 

30.0 

17 

3.8 

17 

6.7 

Dec.   24 

30.0 

Dec.   26 

30.4 

1880. 

28 

5.5 

27 

10.3 

26 

28.6 

1 

5.3 

30 

11.4 

Jan.     2 

31.7 

2 

37.2 

2 

4.9 

»> 

10.0 

Jan.     9 

36.2 

17 

35.7 

18 

20.7 

19 

10.8 

19 

20.8 

Feb.    24 

36.0 

24 

43.4 

24 

6.5 

24 

17.1 

Mar.     2 

39.2 

2 

25.9 

4 

3.2 

3 

2.5 

July     9 

28.5 

9 

34.1 

9 

6.0 

9 

5.4 

July   16 

33.9 

15 

7.6 

13 

6.4 

July    19 

34.3 

0 

5.7 

5 

18.1 

7 

3.4 

8 

0.4 

Dec.    12 

12 

31.5 

12 

2.5 

12 

4.2 

1881. 

13.5 

21 

22.3 

23 

5.5 

24 

14.5 

Jan.    28 

25.2 

28 

32.6 

28 

3.5 

28 

12.0 

Feb.     4 

33.0 

18 

32.6 

20 

8.2 

19 

9.8 

Mar.  25 

40.6 

25 

39.6 

25 

9.3 

2.5 

9.5 

Apr.     1 

41.2 

27 

10.2 

Apr.     6 

41.3 

14 

41.0 

15 

7.3 

14 

6.8 

16 

7.5 

Apr.  20 

40.9 

20 

45.8 

20 

5.3 

20 

8.2 

Apr.  27 

41.1 

26 

11.4 

172 


REPORT  OF  THE   CHIEF   SIGHAL   OFFICER. 


Vicksburg. 

Cairo. 

Little  Rock. 

Jacksonport. 

Date. 

Stage 

Date. 

Stage 

Date. 

Stage. 

Date. 

Stage. 

1881. 

• 

15 

23.1 

17 

4.7 

16 
18 

8.7 
9.0 

June  22 

26.0 

22 

30.8 

22 

4.5 

22 

8.6 

June  29 

31.2 

1882. 

21 

22.0 

20 

28.5 

19 

45.8 

25 

25.7 

23 

30.9 

Feb.    26 

44.5 

26 

51.9 

26 

24.7 

26 

28.5 

Mar.     5 

44.6 

1883. 

23 

18.9 

25 

5.8 

24 

5.2 

Jan.    30 

22.6 

30 

30.7 

30 

11.0 

30 

8.0 

Feb.     6 

31.0 

31 

11.4 

Feb.    14 

34.6 

19 

32.0 

20 

51.4 

22 

23.9 

21 

30.6 

Feb.   27 

42.0 

27 

52.2 

27 

25.1 

27 

26.9 

Mar.     6 

42.7 

Mar.  14 

43.1 

24 

25.4 

23 

20.7 

25 

11.7 

25 

27.0 

Nov.  30 

23.2 

30 

28.1 

30 

10.5 

30 

21.0 

Dec.     7 

29.5 

Dec.     8 

29.7 

1884. 

28 

10.0 

27 

24.0 

29 

7.8 

1 

9.2 

Jan.     3 

28.7 

3 

35.3 

3 

7.6 

3 

8.7 

Jan.    10 

36.0 

• 

Jan.    11 

36.2 

% 

8 

42.3 

10 

19.6 

9 

22.0 

Feb.   15 

40.7 

15 

49.0 

15 

30.6 

15 

32.8 

Feb.   22 

43.8 

15 

49.0 

15 

32.8 

17 

29.7 

16 

31.5 

Feb.   22 

43.8 

22 

51.8 

22 

22.3 

22 

29.2 

Feb.   29 

44.9 

15 

18.0 

16 

41.1 

18 

10.2 

17 

16.0 

Mar.  23 

48.9 

23 

47.2 

23 

9.5 

23 

11.6 

Mar.  25 

49.0 

Mar.  30 

48.2 

23 

47.2 

25 

10.2 

24 

10.8 

Mar.  30 

48.2 

30 

48.6 

30 

13.0 

30 

15.4 

Apr.    6 
1885. 

46.8 

31 

15.9 

. 

7 

24.8 

9 

16.4 

8 

13.9 

10 

16.7 

9 

14.4 

Apr.  14 

30.2 

14 

31.5 

14 

12.9 

14 

9.8 

Apr.  21 

34.0 

21 

31.0 

23 
25 

10.6 
27.5 

22 

6.5 

Apr.  28 
May     5 

35.4 

.   28 

38.2 

28 

28.6 

28 

25.6 

40.0 

May   10 

40.9 

'                i 

•' 
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Vicksburg. 

Cairo. 

Little  Kock. 

Newport. 

Date. 

Stage 

Date. 

Stage 

Date. 

Stage. 

Date. 

Stage. 

1885. 

i 

19.0 

9 

5.8 

8 

2.4 

• 

llo 

2.7 

Nov.  14 

15.1 

14 

26.-5 

14 

.">.  3 

14c 

2.5 

Nov.  21 

22.9 

Nov.  22 

23.2 

' 

15 

17.6 

J7 

4.6 

16 

2.0 

Dec.   22 

13. 5 

22 

24.8 

4.5 

»>o 

2.0 

Dec.   29 

20.0 

Dec.   30 

20.1 

1886. 

12 

49.3 

14 

12: 5 

13 

19.8 

Apr.  19 

41.2 

19 

51.0 

19 

16.1 

19 

20.6 

Apr.  26 
May     7 

42.8 

44.2 

12 

7.2 

11 

23.6 

10 

29.4 

16 

9.9 

12 

24.0 

May   17 

42.9 

17 

39.8 

17 

9.2 

17 

17.4 

May   24 

42.3 

23 

7.4 

25 

9.9 

24 

5.7 

Nov.  30 

8.5 

30 

23.8 

30 

6.2 

30 

3.7 

Dec.     7 

20.3 

Dec.     8 

20.5 

1887. 

20 

10.3 

23 

3.5 

21 

1.8 

UQC»     »dt 

7.1 

27 

21.1 

27 

4.4 

27 

2.7 

Jan.     3 

16.9 

28 

4.6 

28 

3.0 

Jan.     5 

17.4 

9 

47.0 

4 

6.0 

3 

10.3 

Mar.    9 

43.2 

9 

48.5 

9 

12.5 

9 

19.8 

Mar.  16 
Mar.  26 

44.0 
44.7 

10 

20.2 

25 

30.3 

27 

4.5 

26 

3.5 

May     2 

29.0 

39.4 

2 

5.9 

2 

3.7 

May     9 
May   15 

1888. 

36.4 

6 

17.6 

8 

24.5 

38.2 

21 

23.6 

23 

5.8 

22 

27 

3.5 
5.2 

Feb.   28 

23.4 

28 

29.0 

28 

6.4 

28 

5.0 

Mar.     7 
Mar.  11 

29.1 
29.6 

9 

12.8 

27 

33.2 

29 

14.4 

28 
29 

18.0 
18.6 

Apr.     3 

35.6 

3 

45. 2 

3 

9.4 

3 

15.8 

Apr.  10 

39.8 

1 

25 

18.2 

27 

4.6 

26 

2.3 

Sept.    1 

19.0 

1 

24.1 

1 

7.0 

1 

12.6 

Sept.    8 
Sept.    9 

24.9 

3 

14.0 

3 

18.0 

24.9 

^  ^V    *i^ 

1 

28 

15.4 

30 

3.4 

29 

1.9 

Nov.    4 

11.0 

4 

22.4 

4 

3.4 

4 

1.5 

Nov.  11 

18.6 

• 

i 

J^ 
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Vicksburg". 

Cairo. 

Little  Rook. 

Newport. 

Date. 

Stage 

Date. 

Sta^e 

Date. 

Stage. 

Date. 

Stage. 

1888. 

/ 

11 

14.0 

10 

20.9 

12 

6.3 

14 

17.0 

Nov.  17 

21.3 

17 

31.2 

17 

8.0 

17 

12.2 

Nov.  24 

28.9 

21 

9.7 

1889. 

17 

21.0 

16 

16.7 

15 

26.1 

19 

2.3.0 

19 

22.7 

Jan.    22 

29.5 

22 

30.6 

22 

19.9 

22 

22.0 

Jan.    29 

33.8 

20 

9.5 

19 

18.4 

21 

8.6 

22 

11.0 

Feb.    26 

22.6 

26 

32.8 

26 

8.6 

26 

9.2 

Mar.     5 

31.8 

5 

20.8 

Mar.  11 

33.6 

« 

19 

21.5 

21 

10.9 

20 

14.6 

Mar.  26 

25.9 

26 

25.3 

26 

20.8 

26 

22.4 

Apr.     2 

29.9 

28 

23.0 

27 

23.0 

Apr.     4 

30.3 

17 

27.4 

18 
22 

4.1 
5.7 

'"'19" 

"'ii'o' 

June  24 

29.8 

24 

34.5 

24 

17.2 

24 

5.4 

July     1 
July     3 

34.1 

25 

17.6 

34.4 

1890. 

• 

15 

10.3 

11 

27.9 

13 

34.4 

18 

17.3 

14 

26.5 

Jan.    20 

34.3 

20 

43.7 

20 

14.7 

20 

25.7 

Jan.    27 

39.6 

5 

27.8 

10 

36.9 

12 

15.9 

11 

26.6 

Feb.   17 

45.2 

17 

41.8 

17 

15.2 

17 

23.0 

Feb.   24 

45.8 

18 

15.3 

5 

46.0 

7 

13.2 

6 

24.4 

Mar.  12 

47.4 

12 

48.8 

12 

16.1 

12 

24.4 

Mar.  15 
Mar.  19 

48.0 
47.4 

14 

•    22.3 

14 

33.0 

27 

46.8 

29 

14.8 

28 

26.2 

Apr.     3 

46.6 

3 

48.7 

3 

15.1 

3 

24.6 

Apr.  10 
Apr.  25 

47.5 

6 

20.6 

6 

30.1 

49.1 

22 

29.5 

24 
25 

13.2 
13.7 

23 

19.4 

May   29 

42.0 

29 

34.0 

29 

9.6 

29 

16.4 

June    6 
1891. 

40.8 

6 

18.0 

25 

44.3 

26 
27 

20.8 
20.5 

""27' 

"'il'.h' 

Mar.    4 

44.4 

4 

46.2 

4 

10.4 

4 

17.4 

Mar.  11 

46.3 

Mar.  21 

47.8 

Apr.     2 

48.1 
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Vickeburg. 

Cairo. 

Little  Rock. 

Newport. 

Date. 

Stage 

Date. 

Stage 

Date. 

Stage. 

Date. 

Stage. 

1891. 

Apr.     6 
Apr.  13 

48.0 
47.8 

30 
6 

41.9 
44.8 

1 

3 

6 

12.9 
16.2 
12.6- 

31 
6 

13.9 

• 

12.4 

The  following  stages  are  arranged  with  i*eference  to  the  crests  at  Little  Koek. 


Vicksburg. 

Cairo. 

Little  Rock. 

Jacksonport. 

Date. 

Stage 

Date.  Stage. 

Date. 

Stage. 

Date. 

Stage. 

1872. 

13 

15.3 

15 

18.8 

14 

9.9 

May   20 

25.0 

20 

20.6 

20 

26.0 

20 

16.8 

May   27 
1873. 

31.2 

23 

21.7 

9 

20.5 

May   15 

39.^2 

15 

37.7 

17 

8.5 

16 

17.1 

May   22 

39.8 

22 

32.0 

22 

18.0 

22 

14.9 

May   29 

40.6 

Dec.     6 

13.0 

6 

19.2 

8 

9.1 

7 

13.3 

Dec.   13 

22.8 

13 

27.7 

13 

18.9 

13 

2.3.6 

Dec.   20 
1874. 

32.3 

14 

23.8 

Feb.   19 

30.8 

19 

27.0 

21 

6.4 

20 
25 

10.5 
26.8 

Feb.   26 

32.6 

26 

39.8 

26 

20.0 

26 

26.7 

Mar.     5 

38.8 

1875. 

Apr.  28 
May     5 

42.5 

28 

24.4 

30 

9.7 

29 

10.0 

40.5 

5 

36.1 

5 

21.0 

5 

26.5 

May    12 
July   29 

40.8 

6 

26.8 

38.2 

29 

40.0 

31 

9.4 

30 

9.8 

Aug.    5 

39.2 

5 

44.8 

5 

21.8 

4 

23.4 

Aug.  12 

40.2 

0 

23.4 

1876. 

Jan.   24 

36.5 

24 

36.2 

26 

15.2 

25 

19.8 

Jan.   31 

38.7 

31 

43.0 

31 

22.5 

31 

31.6 

Feb.     7 

40.4 

Mar.  21 

39.5 

21 

39.1 

23 

13.5 

22 

-     26.2 

Mar.  28 

4L2 

28 

44.2 

28 

22.5 

28 

28.0 

Apr.     4 

42.4 

29 

28.2 

Mar.  29 

41.4 

29 

44.7 

31 

18.4 

30 

27.6 

Apr.     5 

42.5 

5 

46.2 

5 

2:^.1 

4 

2S.3 

Apr.  12 
1877. 

43.3 

5 

28.1 

18 

18.8 

May   17 

41.5 

17 

33.  2 

19 

17.4 

20 

20.6 

May   24 

41.1 

24 

30.7 

24 

23.0 

24 

17.4 

May   31 

40.8 

1 

June    4 

40.2 

4 

22.1 

6 

'      11. <> 

^ 

;) 

7.5 

June  11 

.r.2 

11 

26. 3 

11 

1      26.7 

11 

25.0 

June  18 

39.4 

13 

\ 

\ 

7"""" 
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VickBburg. 

Cairo. 

Little  RcKjk. 

Jacksonport. 

Date. 

Stage 

Date. 

Stage 

Date. 

Stage. 

Date. 

SUve. 

1878. 

Feb.    18 

33.1 

18 

28.2 

20 

9.0 

Feb.    2r. 

35.4 

2."> 

31.2 

25 

21.2 

M&1'.     4 

38.3 

Apr.   20 

30.  .1 

20 

22.9 

22 

!l.7 

Apr.   27 

.14.  H 

27 

11.7 

37 

21.fi 

May     4 

39.8 

May    21 

39.7 

21 

26.7 

3.3 

8.7 

May    28 

37.8 

28 

31.5 

28 

24.3 

June     4 

39.0 

13 

15.2 

1882. 

Feb.    IS 

44.1 

18 

45.  R 

20 

20.8 

18 

28.7 

Feb.    25 

44.4 

25 

51.8 

25 

35.7 

23 

30.1 

Mar.     4 

44.6 

May     fl 

42.0 

5 

32.1 

7 

7.2 

6 

6.0 
31.3 

May    12 

41.7 

12 

39,1 

12 

34.7 

12 

31.0 

",•&." 

41.5 

9 

17.6 

Fob.    12 

XtA 

44.9 

14 

17.5 

13 

20.7 

Feb.    18 

38.8 

19 

4.i.8 

19 

25.8 

19 

32.0 

Fob.    26 

41.8 

18 

8.0 

Mttj-    17 

41.1 

17 

23.7 

in 

(i.^ 

23 

22.9 

May   24 

.38.0 

24 

30.0 

24 

20.0 

24 

33,0 

May   3j 

38.2 

31 

15. 5 

May    30 

38.1 

30 

32.2 

12.1) 

19.8 

June     rt 

38.8 

« 

32.0 

6 

21,3 

H 

17.6 

June  13 

39.0 

June     7 

38.9 

- 

31.fi 

10 

17.9 

8 

16.6 

June   14 

39.0 

14 

3B.2 

14 

25,4 

14 

219 

Juno  21 

38.3 

15 

23.0 

1884. 

Feb.     4 

31.1 

4 

31.8 

6 

9.9 

5 

8.0 

Feb.    11 

38.7 

11 

45.8 

11 

21.1 

11 

23.1 

Feb.    18 
1885. 

12.5 

15 

32.8 

Dec.   25 

15.8 

13.2 

37 

8.4 

26 

3.5 

Jan.      1 

17.2 

1 

26.5 

20.0 

1 

30.8 

Jan.      8 

ai.2 

30.9 

May    18 

39.6 

'    ifi"!  25. « 

"is" 

"iz's 

17 

6.3 

May    23 

ai.8 

Zl 

21.3 

23 

22.3 

23 

5.5 

May   30 

29. 4 

4 

6.8 

July     3 

.13.6 

3 

2.-..0 

13.9 

7 

15.1 

July    10 

30.8 

10 

21.5 

10 

23.0 

10 

12.0 

July   17 

27.9 

r^' 
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Vioksburg. 

Cairo. 

Little  Rock. 

Newport. 

Date. 

Stage 

Date. 

Stage 

Date. 

Stage. 

Date. 

Stage. 

1889. 

14 

16.6 

Jan.    13 

17.0 

13 

25.0 

15 

15.4 

19 

22.7 

Jan.    20 

27.2 

20 

30.0 

20 

23.0 

20 

22.7 

Jan.    27 

33.4 

22 

19.4 

Mar.  21 

28.6 

21 

20.8 

23 

10.2 

27 

23.0 

Mar.  28 

25.6 

28 

24.5 

28 

23.0 

28 

23.0 

Apr.    4 
1890. 

30.3 

Mar.    7 

46.5 

7 

47.2 

9 

n.o 

8 

22.9 

Mar.  14 

47.8 

14 

48.4 

14 

22.3 

14 

33.0 

Mar.  21 

47.1 

Apr.  12 

47.8 

12 

43.9 

14 

n.2 

13 

24.0 

Apr.  19 

48.6 

19 

34.5 

19 

22.3 

19 

24.2 

Apr.  26 

49.0 

Apr.  23 

48.9 

23 

33.4 

25 

15.3 

24 

22.6 

Apr.  30 
May     7 

48.7 

30 

36.2 

30 

24.3 

30 

28.8 

47.8 

Nov.  14 

18.0 

14 

14.7 

16 

13. 5 

15 

15.7 

Nov.  21 

17.6 

21 

22.2 

21 

19.7 

21 

23.5 

Nov.  28 

25.7 

25 

24.3 

22 

23.3 

24 

5.8 

Dec.   23 

13.5 

23 

9.3 

25 

G.O 

24 

5.9 

Dec.   30 

10.7 

-  30 

17.1 

30 

15.1 

30 
31 

10.8 

n.5 

1891. 

Jan.     6 

19.7 

6 

28.5 

8 

10.0 

7 

12. 5 

Jan.    13 

29.7 

13 

32.2 

13 

15.2 

13 

14.0 

Jan.    20 
Jan.    28 

33.6 
31.1 

_,_ , 

18 
30 

15.0 

• 

10.8 

28 

23.0 

30 

9.3 

3 

17.1 

Feb.     4 

29.0 

4 

33.0 

4 

14.1 

4 

16.9 

Feb.   11 

36.6 

20 

8.1 

21 

16.2 

Feb.   20 

40.9 

20 

42.2 

22 

n.8 

26 

20.8 

Feb.   27 

43.0 

27 

45.1 

27 

14.5 

27 

20.5 

Mar.    6 

44.8 

28 

8.5 

22 

19.4 

Mar.  27 

47.8 

27 

42.9 

29 

9.0 

28 

16.0 

Apr.    3 

48.1 

3 

44.0 

3 

16.2 

3 

13.1 

Apr.    5 

48.0 

6 

44.8 

Apr.  16 

47.6 

16 

42.7 

18 

9.5 

17 

12.1 

Apr.  23 

47.3 

23 

37.2 

23 

20.9 

23 

18.7 

Apr.  30 

47.4 

\ 

26 

23.8 
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Corresponding  stages  of  ^ater  at  Helena  and  at  Arkansas  City,  Greenville  and 
Vloksburg,  8ul»8equently,  are  as  follows; 


Helena. 

Arkan- 
sas City, 
one  day 
after. 

Green- 
ville, 
two 

Vicks- 

burg, 

three 

Helena. 

Arkan- 
sas City, 
one  day 
after. 

Green- 

villck 

twa 

Vicks- 
burg, 
three 

days  af- 
ter. 

days  af- 
ter. 

days  af- 
ter. . 

days  af- 
ter. 

13 

13.1 

12.0 

33 

34.0 

30.7 

33.7 

14 

14.2 

^            ^ 

13.3 

34 

35.0 

31.5 

34.8 

15 

15.3 

13.7" 

14.5 

35 

36.0 

32.3 

36.0 

16 

16.4 

14.5 

15.8 

36 

37.0 

33.2 

37.2 

17 

17.5 

15.5 

17.2 

37 

38.0 

34.0 

38,4 

18 

18.6 

16.6 

18.3 

38 

38.8 

34.8 

39.6 

19 

19.7 

17.5 

19.3 

39 

40.0 

85.8 

40.2 

20 

20.7 

18.5 

20.1 

40 

41.0 

36.7 

40.7 

21 

21.8 

19.5 

20.7 

41 

42.0 

37.7 

41.3 

22 

23.1 

20.5 

21.7 

42 

42.8 

38.6 

41.8 

23 

24.0 

21.5 

22.7 

43 

43.7 

39.2 

42.4 

24 

25.1 

22.4 

24.4 

44 

44.5 

39.8 

43.3 

'25 

26.0 

23.4 

25.6 

45 

45.3 

40.4 

43.8 

26 

27.0 

24.4 

27.1 

46 

46.2 

41.0 

44.5 

27 

28.0 

25.3 

28.4 

47 

46.7 

41.5 

45.2 

28 

29.0 

26.2 

29.3 

48 

46.9 

42.0? 

46.9? 

29 

30.3 

27.2 

30.4 

49 

• 

ao 

31.3 

28.2 

31.3 

50 

31 

32.2 

28.9 

31.8 

32 

33.1 

29.8 

32.7 

For  stages  of  41  feet  or  over  at  Cairo  the  average  time  of  Vicksburg  crest  after 
Cairo  crest  is  seventeen  days;  in  one  case  only  three  days,  in  one  case  eight  days, 
in  the  highest  case  thirty-one  days,  and  one  case  twenty-nine  days.  The  rise 
after  the  Cairo  crest  at  Vicksburg  is  usuallv  proportional  to  the  time.  The 
whole  rise  varies  in  different  cases  from  0.3  foot  to  5.2  feet.  The  tendency  ia 
for  the  sta^e  of  water  at  Vicksburg  to  approximate  to  a  certain  high  crest,  47, 48, 
or  49  feet,  depending  on  the  Cairo  stage. 


ip^r- 
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BATON  EOUGE,  LA. 

Tho  corresponding  water  stages  at  Baton  Bougo  and  Vicksburg  tbroe  days 
before  are  given  below.  ^ 

The  distance  between  the  places  is  234.2  miles ;  tho  difference  in  tho  level  of 
tho  zeros  of  the  gauges  is  46  feet. 


Vicksburg. 

Baton  Rouge 
three  days  after. 

Vicksburg. 

Baton  Rou^e 
three  days  after. 

17 

n.8    ±1.0 

34 

25.3 

18 

12.2 

35 

25.6    ±L1 

19 

12.4 

20 

12.6    ±L7 

36 

26.0 

37 

26.3 

21 

13.0 

38 

26.7 

22 

13.4 

39 

27.5 

23 

13.9 

40 

28.4    ±1.0 

24 

14.4 

25 

14.8 

41 

29.4 

42 

30.4 

26 

15.4 

43 

30.9 

27 

16.0 

44 

31.7 

28 

17.0 

45 

32.6 

29 

18.2 

■ 

30 

19.6    ±1.4 

46 

33.4 

47 

34.3 

31 

21.4 

48 

35.2    ±0.8 

32 

23.4 

49 

36.0 

33 

24.5 

50 

The  important  tributaries  entering  tho  Mississippi  between  Vicksburg  and 
Baton  Rouge  are  the  Red  River,  draining  97,000  square  miles,  and  tho  Ouachita, 
draining  18,560  square  miles. 

NEW  ORLKANS,   LA. 

The  danger-lino  at  Now  Orleans  is  at  13  feet.  Tho  highest  water,  17.1  feet, 
occurred  in  March,  1890. 

The  distance  from  New  Orleans  to  Vicksburg  is  360.2  miles;  the  difference  in 
level  of  the  zeros  of  the  gauges  is  46.8  feet. 

The  corresponding  river  stages  at  New  Orleans  and  at  Vicksburg  four  days 
previous  are  as  follows: 


Vicksburg. 


20 
21 


2;^ 
24 
25 

26 
27 
28 
29 
30 

31 
32 

a3 

34 
35 


New  Orleans,     vit-ksburc 
four  days  after.  ;  ^i^»^«i>"i^8:- 


Now  Orleans, 
four  days  af tor. 


6.3 

6.6 
6.S 
6.9 
7.2 
7.6 

7.9 
8.3 
8.7 
9.1 
9.5 

9.9 
10.3 
10.7 
11.1 
11.5 


36 
37 

as 

39 
40 

41 
42 
43 
44 
45 

46 
47 
4S 
49 
50 


11.7 
12.1 
12.4 
12.7 
13.1 

13.  4 
13. 6 
14.0 
14.2 
14.5 

14.7 
15.0 
15. 3 
15.7 
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The  rise  at  New  Orleans  in  four  days  is,  on  the  average,  one-third  of  the  pre- 
ceding fourniay  rise  at  Vicksbur^. 

The  important  tributaries  coming  into  the  Mississippi  between  Vioksburg  and 
New  Orleans  are  the  Red  and  Ouachita  Rivers. 

DARDANELLE,  ARK. 

The  danger-line  at  Dardanelle,  Ark.,  is  at  22  feet. 

The  distance  from  Dardanelle  to  Fort  Smith  is  95  miles;  the  dijfference  in  level 
of  the  zeros  of  gauges  is  74.3  feet. 

The  corresiponding  wave-crest  water  stages  at  Dardanelle  and  at  Fort  Smith 
one  day  previous  are  as  follows: 


Fort  Smith. 

Dardanelle 
one  day  after. 

Fort  Smith. 

Dardanelle 
one  day  after. 

6 

7 

8 

9 

10 

11 

12      ' 
13 
14 

6.4    ±0.7 

7.1 

8.0 

8.9 

9.7    ±0.6 

10.4 
11.3 
12.3 
13.3 

15 

16 
17 
18 
19 
20 

21 
22 

14.4    ±0.7 

15.4 
16.3 
17.3 
18.3 
19.4    ±0.0 

20.4? 

There  are  no  important  tributaries  coming  into  the  Arkansas  between  Fort 
Smith  and  Dardenelle. 

LITTLE  ROCK,  ARK. 

The  danger-line  at  Little  Rock,  Ark.,  is  at  23  feet  (Weather  Bureau  gauge). 
The  high  water  of  1844  was  31  feet. 

The  distance  from  Little  Rock  to  Fort  Smith  is  173^  miles;  the  difference  in  the 
level  of  the  zeros  of  the  gauges  is  148.9  feet. 

The  corresponding  wave-ci*est  water  stages  at  Little  Rock  and  at  Fort  Smith 
two  days  before  are  as  follows :  These  crests  apply  to  the  stages  as  given  by  the 
engineer  'gauge,  which  is  about  1  mile  above  the  Weather  Bureau  gauge  and 
its  zero  1.22  feet  lower  than  the  zero  of  the  Weather  Bureau  gauffe.  The  slope 
of  river  being  about  0.9  foot  per  mile,  the  engineer  gauge  reads  0.3  foot  higher 
than  Weather  Bureau  gauge. 


Fort  Smith. 

Little  Rock 
two  days  alter. 

Fort  Smith. 

1 

Little  Rock 
two  days  alter. 

12 

14.5    ±1.2 

21 

23.8 

13 

15.5 

22 

24.7 

14 

16.6 

23 

25.5 

15 

17.7    ±1.2 

24 

26.4 

25 

27.3 

16 

18.8 

I 

17 

20.2 

26 

28.1 

18 

21.0 

27 

28.7 

19 

22.0 

28 

29.6 

20 

22.8    ±0.7 

29 

30.3 

30 

3L0 

The  rise  at  Little  Rock  in  four  days  is  on  the  average  the  same  as  the  rise  at 
Fort  Smith  in  the  same  time. 

There  are  no  important  tributaries  coming  into  the  Arkansas  between  Fort 
Smith  and  Little  Rock. 
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In  the  following  table  are  given  the  corresponding  stages  at  Fort  Smith  and 
Little  Rock  during  the  principal  rises  since  1879. 


Fort  Smith. 

Littie  Rock. 

Fort  Smith. 

Little  Rock. 

Date. 

Stage. 

Date. 

Stage. 

Date. 

Stage. 

Date. 

Stage. 

1879. 

187t 

), 

1883. 

1883. 

Apr.  24 

4.3 

Apr. 

27 

2.5 

Feb.    13 

8.8 

Feb.    14 

17.5 

Apr.  25 

6.2 

Apr. 
May 

29 

5.5 

Feb.    15 

17.0 

Feb.    16 

20.0 

Apr.  27 

12.2 

1 

10.4 

Feb.    17 

2L8 

Feb.    19 

25.8 

1880. 

1880. 

0 

Feb.    23 

U.9 

Feb.   25 

20.4 

Apr.     3 

4.9 

Apr. 

6 

5.0 

Feb.    24 

17.6 

Feb.    26 

23.6 

Apr.     6 

1881. 

12.9 

Apr. 

1881 

8 

10.7 

Feb.    26 

2L6 

Feb.    28 

25.2 

,  • 

May   17 

4.1 

May    20 

6.5 

Feb.     7 

7.5 

Feb. 

7 

6.0 

May    20 

10.7 

May   22 

n.i 

Feb.     9 

14.4 

Feb. 

12 

15.6 

May   22 

17.5 

May   24 

20.0 

May   21 

10.8 

May 

23 

10.6 

May    29 

7.4 

May   31 

10.7 

May   23 

12.8 

May 

25 

12.4 

May    31 

15.0 

June     2 

17.0 

May    25 

15.8 

May 

27 

15.6 

June     2 

13.0 

June    4 

18.1 

June  30 

10.2 

July 

1 

8.9 

June     4 

17.2 

June     6 

2L3 

July     2 

12.8 

July 

5 

12.2 

June     9 

14.1 

June  10 

17.9 

Oct.      5 

11.2 

Oct. 

ILO 

June  11 

22.8 

June  14 

25.4 

Oct.      7 

15.2 

Oct. 

9 

14.4 

July    16 

6.8 

July   17 

6.7 

Oct.    22 

7.9 

Oct. 

25 

6.8 

July    18 

16.2 

July   21 

16.4 

Oct.    24 

.  12.2 

Oct. 

27 

11.9 

Aug.    9 

8.2 

Aug.  12 

9.4 

Nov.  11 

6.5 

Nov. 

11 

5.0 

Aug.  11 

11.8 

Aug.  14 

13.6 

Nov.  16 

13.7 

Nov. 

18 

*13.7 

Oct.    19 

7.8 

Oct.    19 

10.9 

Dec.   21 

9.5 

Dec. 

24 

9.5 

Oct.    20 

13.0 

Oct.    23 

15.5 

Dec.   23 

12.3 

Dec. 

26 

13.0 

Dec.     6 

7.4 

Dec.     6 

7.4 

1882. 

1882. 

Dec.     7 

15.0 

Dec.     7 

8.0 

Feb.   19 

13.9 

Feb. 

17 

17.9 

■ 

Dec.     9 

19.5 

Feb.   21 

18.2 

Feb. 

22 

24.0 

1884. 
Feb.    10 

1884. 
Feb.    10 

Feb.   23 

2L8 

Feb. 

25 

25.7 

10.5 

19.6 

Mar.     9 
Mar.  11 

10.0 
12.0 

Mar. 
Mar. 

9 
11 

15.3 
15.0 

Feb.    12 
Feb.    14 

24.7 
27.9 

Feb.    12 
Feb.    15 

25.6 
30.6 

Mar.  13 

12.6 

Mar. 

13 

*16.1 

May     1 

8.6 

May     1 

15.6 

Mar.  19 
Mar.  21 

9.6 
12.1 

Mar. 
Mar. 

23 
25 

12.0 
13.9 

May     2 
May     4 

14.8 
23.2 

May     3 
May     6 

18.6 
26.4 

May     6 
May     8 

5.7 
10.0 

May 
May 

7 
9 

7.2 
13.0 

June     1 
June     3 

6.8 
12.0 

June     4 
June     6 

10.4 
14.5 

May    10 

16.2 

May 

12 

24.7 

Oct.      3 

5.8 

Oct.      4 

5.5 

May   28 
May   30 

ILl 
16.2 

May 
June 

31 
1 

14.4 
17.6 

Oct.      5 

12.2 

Oct.      6 
Oct.      8 

7.4 
14.4 

June    1 

17.2 

June 

3 

19.6 

Dec.    11 

8.8 

Dec.   10 

7.8 

June  17 
Jime  19 

12.3 
12.6 

June 
June 

21 
22 

13.8 
14.2 

Dec.    12 
Dec.   14 

10.6 
15.6 

Dec.   12 
Dec.   16 

10.3 
18.6 

June  21 

14.2 

June 

23 

15.0  ; 

1885. 
Dec.   28 

5.1 

1885. 
Dec.    27 

8.4 

Oct.    16 

7.0 

Oct. 

17 

9.0 

Dec.    30 

15.1 

Dec.    30 

23.4 

Oct.    18 

12.2 

Oct. 

21 

13.6 

Jan.     1 

18.5 

Jan.     1 

26.0 

*^o  crest. 
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Fort  Smith. 

Little  I.^ock.     ; 

1 

j      For 

t  Smith. 

Little  Rock. 

Date. 

Stage. 

Date. 

Stage. 

Date. 

Stage. 

Date. 

Stage. 

1885. 

1885. 

1888. 

1888. 

Jan.    15 

10.7 

Jan.    16 

15.4 

Mar. 

6 

10.4 

Mar. 

9 

12.8 

Jan.    17 

11.8 

Jan.    18 

17.5 

Apr. 

9 

5.8 

Apr. 

9 

7.3 

Apr. 

13 

16.0 

Apr. 

13 

15.1 

Feb.     4 

10.3 

Feb.     6 

12.7 

Apr. 

15 

19.2 

Feb.     6 

14.2 

Feb.     8 

16.9 

Feb.     8 

15.2 

Feb.    10 

18.1 

Apr. 

28 

7.7 

Apr. 

30 

6.7 

Apr, 

30 

16.3 

May 

3 

19?3 

Feb.    28 

10.8 

Feb.    28 

14.4 

N 

Mar.     2 

13.5 

Mar.     4 

17.8 

May 

17 

6.0 

May 

18 

8.4 

^ 

May 

19 

14.8 

May 

21 

18.6 

Mar.  15 

10.0 

Mar.  15 

12.4 

May 

21 

17.8 

May 

23 

20.3 

Mar.  17 

11.1 

Mar.  17 

14.0 

May 

27 

9.5 

May 

29 

12,6 

Apr.     3 

6.9 

Apr.     6 

12.5 

May 

28 

13.3 

May 

31 

15.8 

Apr.     5 

12,7 

Apr.  10 

16.7 

June 

10 

6.0 

June 

11 

7.9 

Apr.  21 

7.2 

Apr.   22 

9.5 

June 

11 

16.3 

June 

14 

18.1 

Apr.  22 

10.0 

Apr.  — 

Apr.  24 

27.4 

Apr.   25 

"27.'5' 

June 

23 

6.9 

June 

23 

9.2 

Apr.  26 

27.9 

Apr.   27 

28.0 

June 

24 

11.0 

June 

27 

16.8 

June 

26 

14.3 

June 

29 

18.2 

May    17 

9.2 

May    17 

12.1 

May    18 

12.0 

Mav    20 

13.2 

Aug. 

30 

3.0 

Sept. 

1 

7.0 

May    20 

19.2 

May    23 

22.2 

Sept. 

1 

13.3 

Sept. 

3 

14.0 

June  25 

13.8 

June  28 

16.9 

Dec. 

26 

3.4 

Dec. 

26 

7.3 

June  27 

17.1 

June  30 

19.8 

Dec. 

28 

17.0 

Dec. 

'30 

19.8 

1889. 

1889. 

July     4 

10.2 

July     6 

13. 3 

Jan. 

8 

5.8 

Jan. 

8 

10.1 

July     5 

12.8 

July     7 

13.3 

Jan. 

10 

13.3 

Jan. 

13 

17.4 

July     7 

20.9 

July    10 

23.0 

Jan. 

15 

12.0 

Jan. 

15 

15.4 

July    13 

16.8 

July    16 

20.3 

Jan. 

17 

17.9 

Jan. 

19 

23.0 

July    15 

18.3 

July    18 

21.1 

• 

Jan. 

2;-> 

9.0 

Jan. 

27 

15.3 

Sept.    8 

5.0 

Jan. 

26 

11.0 

Jan. 

29 

17.3 

Sept.  11 

15.5 

Sept.  11 

7.7 

1 

^.4 

Sept.  13 

17.5 

Sept.  14 

18.6 

Mar. 

1 

8.4 

Mar. 

1 

Sept.  15 

19.5 

Mar. 

3 

17.3 

Mar. 

5 

20.9 

1886. 

1886.   • 

Mar. 

4.8 

Mar. 

23 

10.2 

Feb.    10 

6.3 

Feb.    11 

9.9 

Mar. 

24 

18.1 

Mar. 

24 

10.2 

Feb.    12 

13.0 

Feb.    14 

15.9 

Mar. 

2() 

20.0 

Mar. 

27 

22.6 

Feb.    14 

14.9 

Feb.    16 

17.9 

[ 

, 

Apr. 

21 

6.5 

Apr. 

10.0, 

Apr.   15 

7.5 

Apr.  11 

9.5 

Apr. 

23 

13.2 

Apr. 

25 

15.6 

Apr.  17 

10.1 

Apr.   15 

11.9 

• 

Apr.  19 

12.9 

Apr.   17 

12.9 

May 

14 

3.8 

May 

16 

7.5 

Apr.   19 

16.1 

May 

15 

0.3 

May 

18 

9.8 

May 

17 

12.0 

May 

20 

14.0 

Apr.  27 

6.8 

Apr.  27 

10.2 

Apr.  28 

10.1 

Apr.   30 

10.6 

May 

21 

7.6 

May 

23 

10.6 

Apr.  30 

11.5 

May     2 

13.6 

May 

23 

14.0 

May 

25 

15.8 

Aug.    5 

7.9 

Auff.    3 

8.4 

.Tune 

19 

6.2 

June 

21 

10.9 

Au{?.    7 

10.4 

Aug.     8 

10.2 

June 

21 

12.7 

June 

23 

15.8 

Aug.    9 

13.7 

Aug.  12 

15.0 

June 

23 

14.8 

June 

25 

17.6 

1888. 

1888. 

July 

27 

3.9 

July 

28 

7.8 

Mar.    2 

5.8 

Mar.     3 

8.2 

July 

29 

14.3 

July 

31 

19.3 

Mar.    4 

y              1 

8.2g 

Mar.    6 

10.4 
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Fort  Smith. 

Little  Rock. 

Fort  Smith. 

Little  Rock. 

Da;». 

Stage. 

Date. 

Stage. 

Date. 

Stage. 

Date. 

Stage. 

1890. 

1890. 

1890. 

1890. 

Jan.    13 

Z.9 

Jan. 

14 

9.7 

Sept.  15 

2.7 

Sept 

20 

11.3 

Jan.    14 

10.0 

Jan. 

16 

14.8 

Sept.  17 

6.4 

Sept. 

21 

13.0 

Jan.    16 

14.2 

Jan. 

18 

17.3 

Sept.  19 

10.6 

Sept. 

26 

15.6 

Feb.     2 

5.3 

Feb. 

5 

14.1 

Oct.    23 

6.8 

Oct. 

25 

9.1 

Feb.     3 

8.8 

Feb. 

6 

14.4 

Oct.    25 

11.2 

Oct. 

27 

12.4 

Feb.     5 

11.8 

Feb. 

8 

18.1 

• 

Nov.  16 

10.5 

Nov. 

17 

13.4 

Feb.    14 

9.0 

Feb. 

15 

14.1 

Nov.  18 

15.0 

Nov. 

19 

18.2 

Feb.    16 

11.8 

Feb. 

18 

15.3 

Nov.  20 

17.1 

Nov. 

21 

19.7 

Feb.    25 

5.5 

Feb. 

24 

9.8 

Dec.   25 

3.2 

Dec. 

26 

7.8 

Feb.    26 

9.0 

Feb. 

27 

18.6 

Dec.   27 

12.3 

JLiec. 

28 

13.3 

Feb.    28 

11.3 

Mar. 

1 

19.2 

Doc. 

30 

15.1 

Mar.  11 

6.7 

Mar. 

11 

9.6 

1891. 

1891. 

Mar.  12 

21.0 

Mar. 

14 

22.3 

Jan.    16 

8.0 

Jan. 

18 

12.5 

Jan.    18 

11.6 

Jan. 

20 

14.2 

Mar.  22 

6.6 

Mar. 

21 

13.0 

Mar.  24 

12.5 

Mar. 

24 

18.4 

Feb.   21 

3.7 

Feb. 
Feb. 

23 

n.8 

Feb.    23 

7.8 

25 

n.9 

Apr.   15 

6.0 

Apr. 

15 

10.8  ! 

Feb.    25 

11.9 

Feb. 

27 

14.5 

Apr.   17 

17.1 

Apr. 

19 

22.3 

Mar.  28 

8.7 

Mar.. 

30 

10.3 

Apr.   24 

7.1 

Apr. 

26 

15.2 

Mar.  30 

10.5 

Apr. 

1 

12.8 

Apr.  25 

12.2 

Apr. 

27 

22.0 

Apr,     1 

14.5 

Apr. 

3 

16.2 

Apr.   28 

21.0 

Apr. 

29 

24.3 

Apr.   17 

0.3 

Apr. 

19 

9.6 

May    12 

8.0 

May 

13 

11.5 

Apr.   19 

9.2 

Apr. 

21 

10.6 

May    14 

11.2 

May 

16 

15. 2 

Apr.   21 

17.5 

Apr. 

23 

20.9 

Aug.  28 

6.6 

Aug. 

29 

8.0 

Aug.  30 

11.5 

Sept. 

1 

12.3 

#  • 


SHREVEPORT,  LA. 

The  danger  line  at  Shreveport,  La.,  is  at  29  feet.  The  extrejoie  high  water  of 
1849  read  &.9  feet. 

The  distance  from  Shreveport  to  Fulton  is  115  miles. 

The  diflerenoe  in  the  level  of  zeroi  of  gauges  is  83.5  feot. 

The  high  water  at  Fulton,  July  17, 1876,  was  35.8  feet. 

The  corresponding  high-water  crests  at  Shreveport,  and  at  Fulton  two  .tayd 
before,  are  about  the  same  when  the  result  of  general  rains. 

The  principal  tributary  coming  into  the  Red  River  between  Fulton  and 
6hreveix>rt  is  the  Sulphur  Fork. 

A  stage  of  28  feet  at  Fulton  corresponds  to  26.8  feet  later  at  Shreveport ;  33 
at  Fulton  corresponds  to  81.8  at  Shreveport. 
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ALEXANDRIA,  LA. 

The  dangrer  line  at  Alexandria,  La.,  is  at  33  feet.  The  high  water  of  1849  was 
35.4  feet;  that  of  1866,  36.5 ;  the  highest,  36.85  feet,  occurred  May  19, 1890. 

The  distance  from  Alexandria  to  Shreveport  is  151  miles :  the  difference  in 
level  of  the  zeros  of  gauges  is  90.8  feet. 

The  corresponding  water  stages  at  Alexandria  and  at  Shreveport  at  various 
intervads,  from  one  to  eight  days,  preceding  are  as  follows  : 


Shreveport. 

Alexandria. 

1 
Shreveport. 

Alexandria. 

6 

0.0    ±1.6 

21 

17.6 

7 

1.8 

22 

19.0 

8 

3.0 

23 

20.3 

9 

.4.1 

24 

22.0 

10 

5.4    ±2.0 

25 

23.5    ±2.8 

11 

6.5 

26 

25.2 

12 

7.8 

27 

26.8 

13 

8.8 

28 

28.0 

14 

9.6 

29 

29.3 

15 

10.4    ±2.4 

30 

30.4    ±1.6 

16 

11.3 

31 

31.6 

17 

12.2 

32 

32.3 

18 

13.1 

33 

33.0 

19 

14.6 

34 

20 

36.0    ±2.0 

35 

36.8? 

There  are  no  impNortant  tributaries  coming  into  the  Red  River  between  Shreve- 
X)ort  and  Alexandria. 

The  rainfall  of  22.3  inches,  June  16, 1886,  produced  a  rise  of  19  feet  in  the  Red 
River.  The  rainfall  the  same  day  at  Cheneyville,  22  miles  south,  was  13.3 
inches.  On  the  day  preceding,  June  15,  there  was  6.3  inches  of  rainfall  at  Alex- 
andria. The  river  discharge  in  the  next  ten  days  was  about  0.3  cubis  mile. 
This  corresponds  to  a  rainfall  of  30  inches  over  an  area  of  634  square  miles. 

COUSHATTA,  LA. 

The  corresponding  high  waters  at  Alexandria  and  at  Ck>u8hatta,  95  miles 
above,  are  very  nearly  the  same  at  high  stages ;  the  difference  in  level  of  the 
zeros  of  the  gauges  is  50.2  feet.    The  danger  line  is  at  26  feet. 

MONROE,  LA. 

The  danger  line  at  Monroe,  La.,  is  at  40  feet.  The  highest  water,  49.1  feet,  oc- 
curred in  1874 ;  a  stage  of  48.9  feet  occurred  in  1882. 

The  distance  from  Monroe  to  Camden  is  121  miles ;  the  difference  in  level  of 
the  zeros  of  the  gauges  is  39.6  feet. 

The  danger  line  at  Camden  is  at  39  feet. 

The  corresponding  water  stages  at  Monroe  and  at  Camden  do  not  correspond 
closelv  enough  to  be  of  any  value  in  predicting  the  stages  at  Monroe.  A  stage 
of  27  feet  at  Camden  may  be  followed  by  one  of  42  at  Monroe,  and  perhaps  by  one 
of  no  more  than  14  feet. 

Saline  River  and  Bayou  Bartholomew  are  the  most  important  tributaries  en- 
tering  the  Ouachita  between  Camden  and  Monroe. 

ALBANY,  OREGON.* 

The  danger  line  at  Albany  is  at  25  feet.  The  highest  water,  36  feet,  occurred 
December  8, 1861 ;  32.8  feet  occurred  January  14, 1881. 

The  distance  to  Eugene  City  is  51  miles ;  the  difference  in  level  of  the  zeros  of 
the  gauges  is  229.9  feet.  The  highest  water,  22  feet,  occurred  at  Eugene  City  in 
1861. 

*  No  observations  now. 
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The  most  important  tributary  coming  into  the  Willamette  River  between  Eu- 
l^ene  City  and  Albany,  Oregon,  is  the  McKenzie  River. 

There  is  not  a  sufficient  record  of  water  stages  at  Eugene  City  and  Albany  to 
make  a  table  of  corresponding  crests  at  the  two  places. 

PORTLAND,  OREGON. 

The  dimger  line  at  Portland,  Oregon,  is  15  feet  above  the  zero  of  the  river 
^auge.  The  high  water  of  June  24, 1876,  was  26.2  feet ;  that  of  February  6, 1890, 
was  28.7  feet. 

The  distance  from  Portland,  Oregon,  to  Albany,  Oregon,  is  90  miles. 

The  corresponding^  wave-crest  water  stages  at  Portland  and  Albany  one  or  two 
days  before  are  as  follows : 


• 

Portland, 

Albany. 

one  or  two 

days  after. 

19 

10.0 

20 

11.3 

21 

12.6 

22 

14.0 

23 

15.1 

24 

15.9 

25 

17.1 

26 

18.1 

27 

19.1 

28 

20.2 

29 

21.2 

30 

22.5 

1 

The  high  water  of  June,  1876,  at  Umatilla,  177  miles  above  Portland,  Oregon, 
en  the  Columbia  River,  was  30  feet. 

SACRAMENTO,  CAL. 

The  danger  line  at  Sacramento,  Cal.,  is  at  25  feet.  The  high  water  of  Decem- 
ber 12, 1889,  was  27  feet. 

The  distance  from  Sacramento  to  Colusa  is  73  miles,  and  from  Colusa  to  Red 
Bluff  SO  miles. 

The  principal  tributary  of  the  Sacramento  River  between  Sacramento  and  Co- 
lusa is  \he  Feather  River,  on  which  are  situated  Marysville,  45  miles  farther  up, 
and  Orovllle,  74  miles. 

The  corresponding  wates  stages  at  Saci*amento  and  at  Colusa  three  days  before 
•re  as  follows : 


Colusit. 

1 

Sacramento, 
three  days  after. 

I 
1 

'      Colusa. 

Sacramento, 
three  days  after. 

12 

14.2 

i           21 

19.2 

13 

14.6 

1           22 

19.9 

14 

15.3 

1           23 

20.5 

16 

15.6 

24 

21.8 

25 

23.1 

16 

16.0 

17 

16.6 

26 

24.3 

18 

17.3             1 

27 

19 

17.9 

28 

27.0 

20 

18.6 

29 
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AUGUSTA,  GA. 

The  danger  line  at  Augusta,  Ga.,  is  at  32.6  feet..  The  highest  water,  38.7  feet, 
occurred  September  11, 1888. 

The  height  of  zero  of  gauge  above  sea-level  is  129.9  feet. 

The  following^  are  the  large  rises  in  the  Savannah  at  Augusta,  Ga.,  and  the 
nlean  rainfalls  in  the  three  days  preceding  at  Chattanooga,  Knoxvllle,  Atlanta, 
Augusta,  and  Charlotte  : 


Date. 

Stage. 

Rise. 

Rainfall  three  days  previous. 

Augusta. 

Atlanta. 

Mean  of  5. 

1876. 

FecL 

Feet 

Inches. 

Indies, 

Indies. 

Apr.    12 
1877. 

25.6 

19.6 

Mar.     3 
Mar.    27 
Apr.    10 
Apr.    14 

22.0 
22.8 
24.5 

16.0 
16.0 
16.5 

1.7 
1.9 
1.8 

1.5 
1.4 
2.2 

29.8 

15.8 

3.0 

2.1 

Nov.    23 

1878. 

23.5 

18.0 

3.6 

3.0 

Jan.     11 

Feb.    23 

1879. 

21.5 
20.0 

13.5 
14.0 

1.3 
0.4 

1.0 
0.4 

Apr.    17 
Oct.     19 

19.2 
23.0 

12.2 
18.3 

3.2 
0.6 

2.4 
1.3 

2."6' 

Dec.     16 

30.1 

20.6 

1.0 

3.8 

1.9* 

1880. 

• 

Mai*.   17 

28.4 

20.6 

0.4 

3.0 

1.7 

Apr.     5 

24.2 

15.9 

0.7 

1.7 

2.2 

1881. 

• 

Jan.     21 

30.5 

23.2 

4.4 

4.0 

2.7 

Feb.    11 

29.5 

22.7 

2.5 

4.7 

2.3 

Mar.    18 

32.2 

23.8 

3.9 

6.6 

3.0 

Dec.    28 

23.0 

14.0 

1.5 

2.2 

1.0 

1882. 

Feb.    10 

27.0 

13.8 

1.0 

2.0 

1.5 

Mar.     2 

24.7 

15.9 

1.2 

3.0 

1.7 

Sept.  12 

29.3 

21.5 

1.4 

2.7 

2.3 

Dec.    23 

21.5 

16.0 

2.4 

1.6 

1.7 

1883. 

Jan.     22 

30.6 

20.4 

1.3 

4.4 

2.5 

Apr.    11 

26.8 

16.5 

3.5 

3.2 

2.2 

Apr.    24 

25.5 

17.2 

2.5 

2.4 

2.7 

1884. 

Jan..   20 

22.7 

14.9 

1.6 

2.0 

1.4 

Feb.    18 

22.5 

14.7 

1.3 

2.5 

1.5 

Mar.    21 

26.3 

13.6 

0.6 

2.3 

1.3 

Apr.    16 

27.9 

19.1 

1.7 

3.8 

2.3 

June    26 

25.8 

16.3 

1.5 

1.6 

1.1 

1885. 

Jan.       7 

20.7 

13.4 

2.6 

0.7 

1.4 

Jan.     26 

27.5 

18.7 

3.1 

2.7 

2.3 

Sept.  22 

21.6 

16.8 

1.3 

2.1 

2.0 

Nov.     9 

23.7 

15.7 

0.5 

1.3 

2.1 

1886. 

Jan.      5 

29.8 

21.2 

0.8 

3.9 

2.6 

Apr.     1 

32.2 

24.2 

5.5 

8.5 

6.4 

May    21 

1887. 

32.5 

24.5 

4.5 

4.8 

3.8 

, 

July    31 

34.5 

28.5 

5.4 

5.5 

2.5 

Aug.   10 

33.0 

13.8 

3.8 

2.5 

1.4 
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Date. 

Stage. 

Rise. 

Rainfall  three  days  previous. 

Augusta. 

Atlanta. 

Mean  of  5. 

Feet. 

Feet, 

Inches. 

Inches. 

Inches., 

1888. 

Jan.      2 

25.0 

15.2 

1.8 

1.2 

1.4 

Feb.    26 

29.0 

15.0 

1.0 

1.4 

1.4 

Mar.    30 

32.7 

23.0 

2.4 

3.9 

2.1 

Sept.  11 

38.1 

22.1 

3.7 

0.6 

1.6 

Nov.    11 

24.5 

14.9 

0.2 

1.8 

1.4 

1889. 

Feb.    19 

32.9 

22.8 

0.5 

2.3 

1.8 

1890. 

1 

Oct.      1 

28.5 

20.2 

1.4 

0.5 

0.7 

Oct.     24 

27.7 

20.0 

2.8 

2.3 

2.3 

1891. 

Jan.     13 

21.3 

13.7 

1.6 

1.7 

1.4 

Feb.      9 

27.2 

12.6 

1.4 

1.8 

1.5 

Mar.    10 

35.3 

23.5 

2.5 

3.5 

3.1 

Mar.    28 

29.1 

16.9 

1.3 

1.4 

1.4 

Apr.      3 

23.5 

8.0 

1.0 

1.4 

1.4 

• 

An  inspection  of  the  foregoing  table  shows  that  the  rises  of  the  Savannah 
River  at  Augusta,  Ga.,  follow  more  closely  the  depth  of  rainfall  at  Augusta  than 
the  average  rainfall  at  Augusta.  Atlanta,  Knoxville,  Chattanooga,  and  Charlotte. 

The  rise  at  Augusta,  however,  coincides  better  with  the  average  of  the  rain- 
fall at  Augusta  and  Atlanta  than  at  Augusta  alone.  Sometimes  the  rainfall  at 
Charlotte  is  a  better  measure  of  rise  than  the  rainfall  at  Atlanta. 

The  rises  of  the  Savannah  river  at  Augusta  usually  culminate  in  two  days. 

As  a  measure  of  the  rise  the  mean  of  the  rainfalls  at  Augusta  and  Atlanta  will 
be  taken  for  the  three  days  preceding  the  occurranco  of  a  wave  crest  at  Augusta. 

The  following  are  certain  stages  of  river  at  Augusta,  Ga.,  the  subsequent  rises 
in  two  or  three  days,  and  the  average  rainfall  at  Augusta  and  Atlanta  in  three 
days,  all  arranged  according  to  the  magnitude  of  the  rainfall : 


Three-day 
rainfall, 
Augusta 

and 
Atlanta. 


Indies. 
0.9 
1.0 
1.0 


Mean  1. 0 

1.2 
1.5 
1.5 
1.2 
1.4 
1.4 
1.2 

Mean  1. 3 


River 

stage. 


Feet. 

8 

10 

8 


9 

8 
12 
10 
14 
10 
12 
15 

1.1 


Observed 

rise 
to  crest. 


Feet. 


16 
15 

20 


17 

Is 

16 
14 
15 
15 
23 
17 
8 

16 


Com- 
puted 
rise. 


11 
12 


• 

Three-day 

rainfall, 

Augusta 

and 

River 

stage. 

Atlanta. 

Inches. 

Feet. 

1.7 

8 

1.8 

9 

1.5 

13 

1.6 

9 

1.8 

8 

1.9 

8 

1.6 

10 

1.6 

7 

1.7 

5 

1.6 

8 

1.6 

14 

Mean  1. 7 

■ 

9 

2.4 

19 

2.1 

18 

Observed 

Com- 

rise 

puted 

to  crest. 

rise. 

Feet. 

21 

16 

14 

16 

14 

10 

16 

13 

15 

16 

15 

18 

16 

12 

13 

15 

17 

17 

13 

15 

13 

11 

15 

9 

21 

9 

10 
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Thr«e-day 
rainfall, 

Augusta 
and 

AUanW. 

River 

stage. 

Observed 

rise 
to  ci-est. 

Com- 
puted 

rise. 

Three-day 

Augusta 

and 
Atlanta. 

River 

stage. 

Observed 
to  crest. 

CO.- 
puted 
rise. 

2.1 
2.0 
2.4 
2.4 

Feel. 

8 
6 
8 
6 

Feet. 
21 
IB 
17 
21 

19 
19 
19 
19 

3.3 
3.2 
3.2 
3.0 
3.6 
3.7 

Feel: 
10 
19 
10 
12 
7 
16 

Ftet. 
17 
14 
23 
23 
23 
22 

21 
16 
21 
19 
24 
18 

Mean  2. 2 

8 

19 

2.8 
2.8 
2.9 
2.6 

10 
9 
9 
8 

20 
19 
19 
20 

20 
20 
21 
20 

Mean  3. 3 

12 

20 

4.2 
4.6 
5.2 
5.5 
7.0 

7 
8 
8 
6 
8 

23 
25 
24 
29 
24 

24 

24 

20 
26 

Ueai]2.8 

« 

20 

In  a  rise  of  10  feet  at  a  low  stage  there  is  a  less  Increase  in  the  poasing  water 
Uian  for  a  rise  of  the  same  amount  at  a  high  stage. 

The  increased  quantity  of  paeslng  wat«r  will  he  taken  as  proportional  to  the 
rise  multiplied  by  the  mean  stage. 

The  quantity  of  water  passing  Augusta  will  he  taken  as  proportional  to  the 
depth  of  the  average  rainfall  at  Augusta  and  Atlanta  for  rainfalla  from  1.5  to  5 
inches. 

As  may  be  seen  from  the  foregoing  table  the  product  of  mean  stage  by  rise 
does  not  begin  to  vary  perceptibly  with  the  raLnfall  until  it  exceeds  1.5  inches. 

There  is  not  sufficient  number  of  cases  of  great  rainfalls  to  determine  the  rela- 
tion between  the  rise  and  rainfall  when  gi-eater  than  5  inches. 

Prom  the  data  above  and  on  the  assumptions  stated,  solving  graphically  the 
following  table  is  derived  giving  the  rises  at  Augusta,  Ga.,  dependent  on  the 
rainfall  and  the  initial  stage  of  river. 

i  RAINFALU 


Stage  (In  feet),  Augusta. 

« 

8 

10 

12 

14 

16 

36 

20 

Incha-. 

1.5 

15 

14 

V.'. 

11 

10 

10 

B 

H 

2.0 

19 

IM 

EH 

I.) 

14 

IS 

12 

12 

IMl 

14 

IK 

17 

IH 

If) 

3.5 

:'4 

IVl 

n 

SO 

1fl 

1M 

17 

1(5 

V.H 

•.-l 

IH 

10 

4.5 

K 

•:a 

:a 

ai 

-0 

IH 

IK 

n 

5.0 

26 

■M 

23 

i>i 

20 

19 

18 

17 

It  la  inexpedient  to  predict  any  rise  tn  the  Savannah  River  for  a  leas  rainfall 
than  1.5  inches.  Important  rises  do  occasionally  occur  with  much  less  rain  than 
1  inch,  but  in  general  such  is  not  the  cose. 

The  area  drained  by  the  Savannah  River  above  Augusta,  Ga.,  is  about  1,600 
square  miles. 
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WASHINGTON  CITY. 

The  Potomac  drains  an  area  of  13,680  square  miles  above  Washington  City. 
The  highest  water,  12.3  feet,  above  low  water  occurred  June  2, 1889.  This  car- 
ried the  water  to  the  store  doors  on  the  north  side  of  Pennsylvania  avenue  be- 
tween Ninth  and  Tenth  streets.  This  stage  was  preceded  at  Harpers  Ferry 
June  1  by  a  stage  of  34  feet. 

The  8taj?e  of  water  at  Washington  November  26, 1877,  was  9.1  feet  above  low 
water.    iSiis  was  preceded  by  a  stage  of  27.2  feet  at  Harpers  Ferry. 

The  rise  at  Washington  Citv  is  0.35  of  the  rise  preceding  at  Harpers  Ferry. 

The  difference  between  high  and  low  tide  at  Long  Bridge,  Washington  City, 
is  2.9  feet.    The  tide  at  Chain  Bridge  is  1.5  feet. 

Rainfalls  in  Excess  of  Four  Inches  in  a  Day. 

[From  Monthly  Weather  Review.] 


Locality. 


Portsmouth,  Ohio . 

Do 

Lunbertville,  N.  J 

Do 

St.  Louis,  Mo 


July 

June 

Aug. 

Aug. 

Oct. 


27, 1837 
26,1840 
22,1843 
23,1845 
21, 1847 


St.  Louis,  Mo May    17,1848 

Do ;  June    2,1848 

Do June  22,1848 

Aug.  15,1848 
Sept.    2,1850 


Do 

Lambertville,  N.  J 

Lambertville,  N.  J 

St.  Louis,  Mo 

Do 

Hanover,  N.  H 


July  19,1850 
.Tune  23,1852 
Aug.  1.5,1855 
Aug.  6, 1856 
Lambertville,  N.  J Aug.  10,1857 

St.  Louis,  Mo..." July    10,1858 

Do Dec.     4,1858 

Do June  22,1^59 

Fort  Arbuckle,  Ind.  T :  Apr.  20,1860 

Peoria,  111 !  .July     1,1860 

Colorado  Camp,  Tex |  Aug.  28,1860 

Lambertville,  N.  J ;  Sept.  20,1860 

Fort  Columbus,  N.  Y ■  June    5,1862  i 

Port  Adams,  R.  I ;  Apr.  17,1863 

Fort  Leavenworth,  Kans '  Aug.    6,1863 


Amount. 


Fort  Independence,  Mass 

Camp  Dennison,  Ohio 

Hilton  Head,  S.  C 

Spartanburg,  S.  C... 

St.  Louis,  Mo 


Lambertville,  N.  J 

Ardonia,  N.  Y 

St.  Louis,  Mo 

Fort  Ripley,  Minn. 
Carlisle,  Pa 


Fort  Philip  Kearny,  Wyo. 

Do 

Fort  Delaware,  Del 

Do 

Fort  Sully,  S.  Dak 


May  3, 1864 
Sept.  4,1864 
Sept.  21, 1864 

...do 

Mar.  30,1865 

July  16,1865 

Oct.  30,1866 

May  27,1867 

July  18,1867 

May  13,1868 

June  5, 1868 
June  24,1868 
Sept.  4,1868 
Dec.  5, 1868 
Aug.  30,1869 


Inches. 
4.2 
4.6 
7.1 
4.4 
4.6 

5.2 
6.2 
4.4 
5.0 
8.0 

4.7 
4.4 
4.2 

5.6 

4.2 

5.0 
4.2 
6.0 
4.1 

7.6 
4.5 
5.4 
4.0 
5.1 

4.4 
4.8 
4.2 
9.4 
4.9 

12.0 
5.0 
4.4 
7.5 
4.6 

4.1 

4.0 

10.7 

4.0 

4.^ 
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Hanover,  N.  H 

Fort  Brown,  Tex 

Fort  Washington,  Md 

Hanover,  N,  H 

Natchez,  MlSB 

Roclt  Island  Arsenal.  HI  .. 
Fort  Leavenworth  Kana.. 

Austin,  Tex.- 

Fort  Independcnet ,  Masa. . 
Fort  Delaware,  Dei 

McPherson  Barracks,  Ga.. 

Carlisle.Pa 

AuHtin,TeK 

Fort  Totten.N.  Dak 

Galveston,  Tex 


Omaha,  Nebr,.- 

Carlisle.  Fa--- 

Savanniih ,  Ga ■ 

Charleston,  S.  C 

Port  Hays,  Kans 

Galveston,  Tex 

Boston,  Mass  - 

Fort  iDdopendence,  Mass  -. 

New  London,  Conn 

Galveston,  Tex 

Fort  Leavenworth,  KanB.. 

Savannah.  Ga 

Mobile.  Ala.... 

Aug-usta.  Ga-- 

Now  Orleans,  La 

Fort  RanilaH.H.  Dak 

Vicksbur;;,  Miss -- 

Peoriii,  111 

Fort.  McIntoBli,  Tox 

Austin,  Tex 

Key  West,  Pla 

Keokuk,  Iowa- -  - 

Fort  Johnson,  N  C _. 

Savannah,  Ga 

Wilmington,  N.C 

Wilmington,  N.  C.-. 

JackaonvUie,Fla 

Gal-vepton  Tex      _. 

Now  Orleans.  I^ 

Vicksbiirff,  Miss 

Now  Orleans,  La 


.  Sept.  21),  1870 
.  Sept.  .10.1B70 
"-'.  1ft,  1870 
e     4, 1871 


St.  Louis.  Mo 

St.. Paul.  -Minn 

Mat-quette,  Mich. . 


.  July  28,1871 
.  Aug.  8,1871 
.    A»iK.  19,1871 


!.  23.1871 
Mar.  2, 1872 
Mar.  24,1372 
"lar.  25.1"" 
..do  .... 

Mav  15,1872 

""    i'  24,1872 

June  n,1872 

■     o  8,1872 

.   Juno  0,1872 

'   .Tilly    22;  1    ... 

.  July    211,1872 

Auk-     ">1872 

..do  .... 

.   Sept.  1.1,1872 

.   Oet.    2.1.1872 

Nov.     Ii,1872 

""    ,-.     8,1873 

■.    10,1872 

.  Mav    fi,i.s:a 

May  2><,1873 

.Tuiie  in.  If   " 

I  Juue  2:1,  l«7;t 

,|  July  10,1873 
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Mobile,  Ala 

Baltimore,  Md 

Pbiladclphia,  Ph.. 
JacksoDvillc,  Fla.. 
NflwOrtoAnB,  L*  .. 

GalveetOD,  Tex  — 
Fort  Brown,  Tex  .. 

Austin.  Tcji 

Fort  Brown,  Tex.. 
Mobile,  Ala 


Fort  Barrancas,  Fla  .. 

Columbia.  S.  C 

Jacksonville.  Fla 

Galveston,  Tox 

Shn?\-oport,  Lb 

Louisville,  lU 

Mount  Carmol,  Utah.. 

Wilmington,  N.  C 

Mount  Carmel,  Utah  . 
CtarkBvUle,  Tex 


Oneida.  N.Y 

NagliviUe,  Tcnn 

CUrksville.Tex 

Mount  Csrmel,  Ut«h-- 
Moblle,  Ala 


M( 


Ala  -. 


. . .      t-'oraery 
Carlowville,  Ala. 
Vicksburg,  Miss. 

Do 

Brookhaven,Mts8.. 


KnoxvlUo.  Tenn-... 

Brookhaven,  Miss  .. 

Yicksburg,  Miss 

Fort  Sully,  S. Dak.. 
Clark8vino,Tox..-, 


Fort  Wallace,  Kaos.. 

GalvestJjn,  Tex 

Augusta,  Ga 

Emerson,  Nebr 

Colebrook,  Conn 


Sandwich,!!! 

Platlsmoulh,  Nubr. . , 
lode  pen  den  CO,  Kuiis . 
Plaltemoutb.  Nfbr . ., 
Kew  Orleans,  La 

Oneida,N.Y 

Woodl»wn,Md 

Port  LAmed,  Kans. . 

Tarentum,  Pa 

Rblng8uD,Ind 


Aug.  21,1873 
Sept.  10,1873 
Sept.  13, 18T3 
Sept  14,1873 
Sept.  17, 1873 

Sept.  18, 1873 
SepL  19, 1873 
Oct.  3, 1B73 
Nov.  3, 1873 
Nov.  22,1873 

Dec.  3, 1873 

Jan.  3, 1874 

Jan.  5, 1874 

Jan.  15,1874 

Jan.  31,1874 

Feb.  13,1874 
Fob.  22,1874 
Feb.  28,1874 
Mar.  4, 1874 
Mar.  15,1674 

Mar.  16,1874 

Mar.  18,1874 

Apr.  8, 1874 

Apr.  15,1874 

Apr.  1U,1874 


May    33,1874 

Mav    ^,1874 
Juno     5, 1874 


July  4. 1874 

July  4, 1874 

Julv  11,1K74 

July  15,1874 

July  211.1874 

July  27,1874 
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Trumbull,  Cotm 

New  Haven,  Conn.. 

Somerset,  Mass 

Philadelphia,  Pa--- 
Carroll,Mont 


Charleston,  S.  C 

Fort  Brown,  Tei 

BluS  Settlement,  Tex ■ 

Auat!n,Tei 

Fort  McKavett,  Tex 

Council  Grove.  Kana 

Washington  City 

FoptFoote,  Md 

St.  Inigoes.  Md 

Hatt«rB8,N.C 

Cooper  Union, N.Y... 

Rock  Island,  III 

Mount  Vernon.Iowa -. 

THvenport,Iowa- 

Clarksville,  Tex 

Bluff  Settlement,  Tex 

Oxford.N  C         

Attaway  HJll.N.C 

"Fort  Bi-own,  Tex 

Bluff  Settlement.  Tex 

Port  Independence,  MaBB 

San  Francisco,  Cal 

Rapid  City.  S.  Dak- 

Cooper  Union,  New  Yoi-k  City  ., 
Clarksvllle,  Tex 

ClarkBville.  Tex 

Memphis.  Ten  n 

ClarksviUe,  Tex 

New  Orleans,  La 

Jacksonville,  FU 

CapeviUe,  Va , 

Knoxville,  Tenn 

Murphy,  N.  C 

Spartanburg,  6.  C 

Clarksvllle,  Tex , 

Hatterae,  N,  C 

Yankton,  S.  Dak 

Fort  Gibson,  Ind.  T 

Fort  Sill,  Ind,  T 

Council  Bluffs,  Iowa 

Omaha,  Nebr 

Oear  Creek,  Nebr 

Boston.  Mass 

Fort  Independence,  Mass 

Soinorset,  Maaa 


Aug.    8,1874 
Ai^.    9,1874 


Aug,  30,1874 
Sept.  5,1874 
Sept.  6,1874 
Sept.    7,1874 


Sept.  25, 1874 
Sept.  28, 1874 
Sept.  29, 1874 
Nov.  13,1874 
Nov.  16,1874 

Nov.  22,1874 
Nov.  23,1874 
Dec.  3,1874 
Dec.  20,1874 
Dec.  30,1874 


-]  Feb.  a),  18TB 
.-I  Feb.  24,1875 
..i  Mar.  1,1875 
.  !  Mar.  ,1,1875 
-I  Mar.  28,1875 

I 
-J  Apr.  3,1875 
..  Apr.  7,1875 
•  J  Apr,  30,1875 
,.  May  23,1875 
.-  May   31,1875 

..  May  31,1875 
.-  .luno  1.1875 
..   .Tune  10,1875 
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Locality. 

Date. 

Amount. 

Juno  14,1875 
.hine  IT.  IR:."! 
June  i8,i«:r> 

LkIuk. 

Fori  Randall,  S.  Dak 

4,8 

Bockfoitl.  Iowa 

Emerson,  Nebr -■ .luno  27, 187') 

Fori  Randall.  S.  Dak I  June  3(1. 187;". 

Yankton,  S.  Dak 

Sidney  Barracks,  Nebr July    19.187,^ 


Sant«e,  Nobr 

Keokuk,  Iowa 

Johnsontown,  Va 

SlapletoD,  N.  Y 

Norfolk,  Nebr 

Platlsmouth:  Nebr 

Hampton,  Va 

Denison,  Iowa 

Abingdon,  III 

Augusta,  III 

Dilbiiq'jc,  lowu. 

Bcloit,  Wis 

Bloomfleld.  Wis 

Arkans&sCity  Kans — 
Galveston,  Tex 

Sbreveport,  La 

Galveston.  Tex   

Vlcfcsburg.  MisB 

Kaw  Orleans,  La 

Galveston,  Tex 

Litchfield.  Mich 

Hatteros,  N.  C 

Columbia,  Conn 

Austin.  Tex 

New  Ulm.Tex 

Shrevoport.  La 

Galveston,  Tex 

Brookhaven,  Miss 

Pnmklin,  N.C 

Hacienda  Saluda,  S.  C  .. 

Cair 


>.  Ill  . 


.  Julv  30,1875 
July  31,187.1 
.  Auff.  8,  laT't 
.  AiiR.  12.  1875 
.    Aug.  27, 1875 

Aug.  27. 187.> 

.    Autf.  2tl.  1875 

Sepl.    2,1875 

Sept.    9,1875 


..do.... 

tot.  »,  18(5 

)ct.  14.1875 

)ct.  :!1.187.'-. 

Nov.  28,1875 

Dec.  3, 1875 

Dec.  21,1 

Dec.  22,1875 

"    :.  24,1875 

!.  2y,  1875 


.  18,1876 
Mar.  5. 1876 
Mar.  lil,  1876 


Terrell.  Tex 

Port  Hays,  Kans 

Sbreveport,  La 

Terrell,  Tex 

Haw  Orleans,  La Mar.  20,1878 

Terrell,  Tex Mar.  24.1876 

How  Haven,  Conn !  Mar.   26,  ISiH 

Turrull.  T«s :  Mar.  31,1876 

MontgomL'ry,  Ala, j  Apr.     3,1876 

WAR  M— VOL  IT ^13 
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Date.  Amount'. 


Jacksonvillo,  Fla 

New  Haven.  Conn 

New  London,  Conn 

New  OrleaiiB,  La 

Murphy,  N.  C 

Shrei-eport,  I^a 

New  Orleans,  Lii 

Louisville,  111 - 

Denver.  Colo — - 

BeUeville.KiuiB 

Charleuton,  S.  C 

BurlingtoD.  Kans 

Lawi-once,  Kaiis  .  - 

Charleston,  S.  C 

Sav&nnah,  Ga 

Purdy.Tena 

Creonsboro  N  C 

Atehison,  liana  .  - 

Baxter  Sprlnzs,  Kanij.. 
CarbondalG,  111 

Wilmington,  N.  C 

Keokuk,  Iowa   

Dubuque,  Iowa 

Beloit,  Wia 

Charleston,  S.  C 

Belleville,  Kans 

■Washington  City 

Middlelown,  Conn 

New  Haven,  Conn 

Woroester,  Maes 

Mobile,  Ala 

Boonaboro,  Va 

Guttenburg.  Iowa 

Abingdon,  111 

Keokuk,  Iowa 


-  May     B,1876 

-  May  MSTB 
.  May  20,IB7B 
.  May  22,1876 
.  Juno  10,18T6 


.  Judo  lii,  1HT0 

.  Juno  15,18'6 

.  Judo  IT,  1876 

.  Juno  25,1876 

.  June  29,1876 

.  Juno  30,1876 


July  23, 1876 

July   30,  1876 

.  July  31, 1876 

'.'.AoV.'.'."'.. 

Aug.    4.  I87B 

Aug.  13, 1876 

Aug.  .30, 1876 

.   Sept.    ">,  1876 

.   Sept.   7, 1876 


AuguBta,  111 — 

Wilmington,  N.  C, 
Port  Johnson,  N.  C  , , 

Capovillo,  Va , 

Erie,  Pa 


Pittsburg,  Pa... 
Tarentum,  Pa.. 
Wellsboro.Pa., 

Newport,  Pla,-. 


..I  Kept.  8, 1876 
-.1  Sept.  16,  1876 
-   Sept.  17, 1876 


Do  . 

Quitman,  Ga 

Charleston.  S,  C 
Davtona.  Fla  ... 
HaiU-ra.-..  N.C.. 

LoulavUlo.Ky.. 


..'■  Sept.  18,  1876 

..   Sept.  18, 1876 

..I do 

.-I  Sopt.24, 1876 
..;  Oct.  7,  1876 
-.1  Oct.     8,  1876 
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Rainfalls  in  Excess  of  Four  Inches  in  a  Day— Continued. 


Locality. 


Date. 


Dover,Del i  Nov.  20,  187« 

Boston,  Mass , '.1  Nov.  21,  1876 

CUrkhville,  Tex ;  Deo.  29,  1876 


Melissa,  Tex 
Hattoras,  N.  C. 


Feb.  13,  1877 
Mar.  22, 1877 


Montjfomery,  Ala i  Apr.  8,  1H77 

Norfolk.  Va !  Apr.  10, 1877 

Melissa,  Tex I  Apr.  17,  1877 

Sedgwick,  Kans I  May  12,  1877 

Ellinwood,  Kans |  May  18,1877 

I 

Port  Snellingr,  Minn I  May  31, 1877 

Bellefontaine,  Ohio , ']  June    6,  1877 

New  London,  Conn June    7,  1877 

Memphis,  Tenn Juno    8,  1877 

Do Juno    U,  1877 

I 

Savannah.  Ga !  June  12,  1877 

Charleston.  S.C i  June  12,  1877 

St.  Marvs.Ga June  13,  1877 

Mobile,  Aia 


June  14, 1877 
Carthagena,  Ohio Juno  20,1877 

Urbana,Ohio !  June  21,  1877 

June  29,1877 
,Tuly  16,1877 
July  22,1877 
Aug.    3,1877 


Fort  Snelling,  Minn 

Augusta,  111 

St.  Mar^s,  Ga  . . . 
Greenville,  N.  C. 


Mystic,  Conn 

Amana,  Iowa 

Bvron  Township,  Iowa 

Monticello,  Iowa 

Embarrass,  Wis 


Booncsboro,  Iowa. 
Wilmington,  N.  C 
Shreveport,  La,.. 
Galvei^ton,  Tex . . . 
Cape  May,  N.J--. 


Aug.  25, 1877 
Aug.  28, 1877 
Aug.  28. 1877 

--.do... 

---do 


Mount  Ida,  Ark  . 
St.  Joseph,  Mo  .. 
Baton  Rouge,  La 
Galveston.  Tex.. 
Mobile,  Ala 


Aug. 
Sept. 
Sept. 
Sept. 
Sept. 

Sept. 
...do 
Sept. 
Sept. 
Sept. 


29, 1877 
1,1877 
3, 1877 
6, 1877 
8, 1877 

9, 1877 


10, 1877 
17, 1877 
18, 1877 


New  Orleans,  La . 
Baton  Rouge,  La . 
Brookhaven,  Miss 

Ftiyotte.  Miss 

Carlowvllle,  Ala.. 


Green  Springs,  Ala. 
Wilmington,  N.C.. 

Hatteraa^N.  C 

Cape  Lookout,  N.  C. 
OreenviUe,  N.  C... 


Sept.  18,1877 
Sept.  19, 1877 
Sept.  19,1S77 

....do 

Sept.  20, 1877 

Sept.  20,1877 
Sept.  27, 1S77 

Sept.  2H,  i>rn 

Sept.  29, 1877 
.,.-do , 


Amount. 


L\chc8, 
7.6 
5.4 
8.5 
7.3 
5.1 

4.6 
4.6 
5.0 
%.5 
5.0 

5,1 
5.1 
4.2 
9.0 
10.0 

4.8 
4.0 
6.2 
4.8 
5.2 

4.9 
4.2 
4.^ 
4.3 
5.7 

4.0 
4.0 
4.4 
4.0 
4.0 

9.4 
5.0 
6.9 
4.8 
4.7 

4.0 
4.8 
4.8 
6.1 
7.0 

7.2 

12.4 

7.2 

6.2 

10.4 

8.2 
5.6 
5.0 
0.0 
9.3 


196 


REPORT   OF   THE   CHIEF   SIGNAL   OFFICER. 


Rainfalls  in  Excess  of  Four  Inches  in  a  Day— Continued. 


Locality. 


Kitty  Hawk.  N.  C Sept.  29,1877 

Maypoi-t,  Fla Oct.      3,1877 

St.  Marks,  Fla Oct.      3,1877 

Quitman,  Ga i do 

Lynchburg.  Va ! do 


Amoun^ 


Washington  City Oct.      4,1877 

Emmitsburg,  Md do 

Fallston,  Md Oct. 

NdW  Market,  Md do 

Woodstock  College,  Md do 


Flushing,  N.  Y 

New  York  City,  N.  Y 
Pelham  Manor,  N.  Y 
West  Chester,  Pa  . . . 
Accotink,  Va 


4, 1877 


Oct.     4,1877 

.-..do 

Oct.      4, 1877 

...do 

...do 


Oct.     4, 1877 
...do 


Fort  Myer,  Va 

Woodlawn,  Va 

Boston,  Mass |  Oct.     5.  1877 

Fort  Hamilton,  N.  Y ■ do 

New  York  City :  Oct.     7,  1877 

White  Plains,  N.  Y Oct.     0,  1877 

Alpena.  Mich Oct.    11,  1877 

FortSill,  Ind.  T Oct.    14,1877 

Denison,  Tex do 

Indianola,  Te.x 


Oct.   16,  1877 


Oct.   18,  1877 
Oct.   24,  1877 


Baton  Rouge,  La 

Galveston,  Tex 

Galveston,  Tex ;  Oct.   25i  1877 

Point  Pleasant,  La I  Nov.    1,  1877 

Belmont  Farm,  Tex ' do  _. , 


Point  Pleasant,  La Nov.    8,1877 

Charleston,  S.  C ' do , 

Mount  Washington,  N.  H I  Nov.    9,1877 

Belmont  Farm,  Tex Nov.  17,  1877 

Fort  Barrancas,  Fla Nov.  20,1877 


Nov.  20, 1877 
Nov.  22,  1877 


Point  Pleasant,  La 

Lynchburg,  Va * 

Statesville,  N.  C |  Nov.  2:^;  1877 

Sandy  Springs,  Md ;  Nov.  24,1877 

Boonsboro,  Va do 


Mount  Solon.  Va !  Nov.  24.1877 

BamegatCity,  N.J j  Nov.  25,  1877 


Cornish,  Me 

Fort  Barrancas,  Fla 

Quitman,  Ga 


Hatteras,  N.  C 

Kitty  Hawk,  N.C. 

Melissa,  Tex 

New  Haven,  Conn 
Shreveport,  La  .-. 


Nov.  27,  1877 
Dec.  4,  1877 
Dec.  5, 1877 

Dec.  19,  1877 
Dec.  26;  1877 
Dec.  28,  1877 
Feb.  22,  1878 
Mar.  8,  1878 


Inches. 
7.2 
6.3 
7.3 
8.9 
5.4 

4.0 
4.1 
6.1 
5.1 
5.2 

4.8 
4.0 
5.0 
5.0 
4.0 

4.3 
4.0 
4.0 
4.9 
4.3 

9.7 
5.2 
4.2 
4.0 
4.1 

B.7 
5.5 
4.0 
4.0 
7.0 

6.8 
4.2 
4.7 
4.0 
4.3 

7.1 

4.2 

4.5' 

5.0 

4.5 

4.0 
5.3 
4.1 
5.4 
4.7 

4.2 
4.4 
5.0 
4.1 
4.6 
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Rainfalls  in  Excess  op  Four  Inches  in  a  Day— Continued. 


Locality. 


Amount. 


'Vicksburg,  Miss 

St.  Marks,  Pla 

Tybee  Island.  Ga 

Charleston.  S.  C  ...^ do 

Breckeuridge,  Minn Apr.  11, 1878 


Mar.  9,1878 
Mar.  28, 1878 
Apr.    9, 1878 


Memphis,  Tenn 1  Apr. 

Clarksville,  Tex |  Maj' 


Tabor,  Iowa 
Barnegat,  N.  J  ... 
Boonesboro,  Iowa. 


Terrell,  Tex , 

Danville,  Ky %. 

Fort  Larncd.  Kans  . . 

Marquette.  Mich 

Montgomery,  Ala 


Melissa.  Tex  . 
I)e  Soto,  Nebr 
Howard.  Nebr 
Logan,  Iowa. . 
Louisville,  111 


May 
May 
Juni? 

June 
June 
Junu 
Juno 
June 

June 
June 
June 
June 
July 


23,  1878 
21,  1878 
29,  1879 
31,  1878 
2,  1878 

12.  1878 
17, 1878 
19, 1878 
21. 1878 
23,1878 

28, 1878 
29, 1878 
29, 1878 
30, 1878 
1. 1878 


Logan,  Iowa July    10,1878 

Plattsmouth ,  Nebr . . . .  .^. ' do 

Tucson.  Ariz I  July    11,1878 

Guttenburg,  Iowa | do 

Beloit,  Wis '....do 


Bloomfield,  Wis :  July    11.1878 

Quitman,  Ga |  .Tulv    12,1878 

Riley,  111 |  July    12,187S 

New  Corydon.  Ind ' do 

Charleston,  S.  C |  July    14.1878 

18, 1878 
23. 1878 
24, 1878 
2G.  1878 
27, 1878 

Rio  Grande  City,  Tex |  July   27,1878 

St.  Meinrad's  Abbey,  Ind '  July    29.1878 

Decatur.  Tex _ |  July    29,1878 

Fort  Griffin,  Tex ' do 

Wytheville,  Va ^ I do 


New  Bedford,  Mass _ !  July 

Morriston,  S.  Dak '  July 

Manhattan,  Kans ■  July 

Chicago,  111 July 

Denison,  Tex '■  July 


Washington  City .July    30,1878 

FortMyer,  Va .-.do 

Colebrook.  Conn ^ «. Au^.    4,1878 

Mendon,  Mass __ do 

Lowell,  Mass Aug.    9,1878 


Weir  Lake,  Mass ^ '■  Aug.    9.1878 

Weldon,  N.C _ Aug.  13,1878 

Aiken,  S.C __ Aug.  14,1878 

Charleston.  S.  C , i do 

Woods  HoU,  Mass i  Aug.  18,1878 


Inches, 
4.5 
5.0 
4.4 
5.3 
5.1 

4.0 
5.5 
4.2 
5.4 
4.0 

4.5 
5.0 
«.0 
5.2 
4.0 

5.1 
4.6 
4.6 
6.0 
5.0 

8.0 
4.8 
5.1 
.5.4 
4.6 

7.0 
4.0 
4.3 
5.0 
5.1 

4.4 
8.0 
6.1 
4.1 
6.6 

4.2 
5.3 
6.1 
6.7 
4.4 

5.8 
4.7 
6.7 
5.9 
4.0 

6.5 
4.8 
5.1 
5.4 
&.1 
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Rainfalls  jn  Excess  of  Four  Inches  in  a  Day— Continued. 


Locality. 


Brook  ville,  lowft 

Elmira.IU: 

Mount  iPleaeant,  Iowa 

Fort  Barrancas,  Fla |  Aug. 

Egy])t,  Pa '  Sept. 


New  Haven,  Conn 

Merritt's  Island,  Fla 

Do 

Do 

St.  Francis  (Barracks),  Fla 


Jacksonville,  Fla  .. 
Wilmington,  N.  C  : 

Augusta,  Ga 

Fayetteville,  N.  C  . 
Lenoir,  N.  C 


Sept. 
Sept. 
Sept. 
Sept. 
...do 


20, 1878 

29, 1878 

4, 1878 

5, 1878 

8,1878 

9, 1878 

10, 1878 


Charleston,  S.  C 
Wytheville,  Va 


Sept. 
...do 
Sopt. 
.-.do 
...do 


11,1878 
12^1878 


Sept.  12, 1878 
do 


Cleveland,  Ohio !  Sept.  13,1878 

Hudson,  Ohio ^ do 

Marietta,  Ohio do 


Newcastle,  Pa Sept.  13,1878 

Thomasville,  Ga j  Oct.    10,1878 

Fort  Barrancas,  Fla do 

Hatteras,  N.  C 

Key  Wcbt,  Fla 


Oct.    11,1878 
Oct.    21,1878 


Oct.    22,1878 
...do 


Kmory  Grove,  Md 

Cape  Lookout,  N.  C' .  _ 

Southport,  N.  C^. i do 

Sandy  Springs,  Md i do 

Carlisle,  Pa Oct..    23,1878 


Gardiner,  Me 

West  Waterville.  Me  .. 
Thatcher's  Island,  Mass 

Auburn,  N.  H 

Fort  Bari*ancas,  Fla 


Oct.    24,1878 

...do 

Nov.  19,1878 
Nov.  22,1878 
Nov.  20,1878 

Highlands,  N.  C _..J  Nov.  26,lS78 

Emory  Grove.  Md _.. Nov.  27,1878 

Fayettoville,  N.  C do..' 

Point  Pleasant.  La Deo.     9, 1S78 

Ardenia,  N.  Y ;  Dec.    10.1878 

Fayetteville,  N.  C Do<\    10,1878 

Hatteras,  N.  C ...do 

l^yd'sCornei-s  X.  Y Dec.    11.1878 

Morse, Kans IXm!.    1;J.1878 

Galveston,  Tex Di?c.    2(M878 

I 

Point  Pleasant,  La Doc.    21,1878  ! 

Cai)e  Lookout.  N.  C do i 

Fayetteville,  N.  C do ' 

Santa  Barbara,  Cal Dec    ;U.1878 

Mobile,  Ala ;  Mar.  21,1879 


Amount. 


Inchea. 
4.6 
4.0 
4.6 
9.8 
4.2 

6.7 
6.2 
9.1 
7.0 
5.6 

4.3 
4.0 
4.4 
4.0 
7.1 

4.3 
7.0 
4.4 
5.8 
4.6 

5.0 
5.0 
5.4 
4.0 
4.0 

4.0 
4.1 
4.4 
3.6 
4.0 

4.9 
6.3 
6.8 
4.0 
10.4 

4.0 
4.0 
4.2 
7.0 
4.5 

6.0 
4.2 
5.0 
4.5 
4.7 

4.8 
4.8 
6.0 
4.0 
4.2 
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Rainfalls  in  Excess  of  Four  Inches  in  a  Day— Continued. 


Locality. 


Fort  Stevens,  Oregon. 

Hatteras,  N.  C 

St,  Miii-ks,  Fla-. 

Sh»'eveport,  La .  - 

Savannah,  Ca. . .  1 


Charleston,  S.  C  . 
Fort  Sill,  Ind.T. 
Corsicana,  Tex  .. 

Austin,  Tex 

Clarksville,  Tex. 


Melissa,  Tex 

Hat  Creek,  Wyo. 
NewUlm,  Tex-_.. 
Fayetteville,N.C. 
Gatesville,  Tex... 


Emory  Grove,  Md  . 
Sandy  Springs,  Md 

Piegan,  Mont 

Arlington,  Ind 

Wakeville,  Kans  .. 


St  Marks,  Fla.... 

St.  Joaeph,  Mo 

Fort  Griffin,  Tex  . 
Des  Moines,  Iowa. 
Little  Rock,  Ark . 


Cairo,  111 

Fort  Barrancas,  Fla 
Fort  Snelling,  Minn 

St.  Paul,  Minn 

Mount  Sterling,  111 . 


La  Crosse,  Wis 

Mount  Sterling,  III 
Monticello,  Iowa. . . 

Southport,  N.  C 

Nashville,  Tenn ... 


Hulmeville,  Pa 

Irwin,  Pa 

Fayetteville,  N.  C 

Wooster,'Ohio .•. 

Charlotte,  N.C 


Cape  Henry,  Va 

St.  Marks,  Fla 

Franklin,  N.C 

Rio  Grande  City,  Tex 

Ringgold,  Barracks,  Tex 


Mar.  25 
Mar.  30 
Apr.  15 

..-.dQ... 

Apr.  17 

Apr.  17 
Apr.  22 
....do.. 
Apr.  23 
Apr.  23 

Apr.  23 
...do.- 
Apr.  24 
Apr.  28 
May     5 

May  15 
May  16 
May  24 
May  26 
May   30 


June 
June 
June 
June 
June 


9 
10 
21 
24 

28 


June  28 
June  29 
Julv  3 
....do.. 
July     7 


July  7 

Julv  9 

...ao.- 

July  14 

July  25 

July  26 

jiilv  28 

July  29 

July  30 


July 
Aug. 
Aug. 
Aug.  11 
Aug.  12 


31 
1 


1879 
1879 
1879 


1879 

1879 
1879 


1879 
1879 

1879 


1879 
1879 
1879 

1879 
1879 
1879 
1879 
1879 

1879 
1879 
1879 
1879 
1879 

1879 
1879 
1879 


1879 

1879 
1879 


1879 
1879 

1879 


1879 
1870 
1879 

1879 
1879 
1879 

1879 
1879 


Aug.  13,1879 
Aug.  14, 1879 


Brookhaven,  Miss 

Fort  Barrancas  Fla _ 

Anna,  III J  Aug.  15.1879 

St.  Meinrad's  Abbey,  Ind do 

Leiioir,N.C ...;  Aug.  16,1879 


Amount. 


Indies. 
8.0 
6.7 
6.2 
4.6 
6.1 

5.1 
6.6 
6.3 
4.4 
5.6 

8.0 
6.7 
5.1 
6.2 
4.1 

5.0 
4.3 
4.1 
4.8 
4.0 

5.2 
4.3 
10.2 
4.8 
7.4 

5.0 
4.8 
6.6 
5.0 
4.0 

4.7 
4.3 
5.6 
5.0 
5.1 

4.0 
7.0 
6.5 
0.6 
4.2 

4.2 
6.4 
5.9 
6.0 
5.0 

4.5 
6.1 
4.3 
4.6 
6.5 
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Rainfalls  in  Excess  of  Four  Inches  in  a  Day— Continued. 


Locality. 


Wilmington,  N.  C 

New  Haven,  Conn 

New  London,  Conn | 

Sprinfiftield.  Mass.- ! do 

Cape  May,  N.  J ' do 


Aupr.  17,1879 
Au^.  18,1879 
-.-do 


Freehold,  N.J Auff.  18,1879 

Sandy  Hook,  N.  J do 

Trenton,  N. .) do 

Fort  Hamilton,  N.  Y do 

Wilmington,  N.  C • do 

Fort  Monroe,  Va ' Aug.  18,1879 


Johnson  town,  Va 
Norfolk.  Va...-- 

Boston.  Mass 

Little  Rock,  Ark 


do 

do 

Aug.  19,1879 
Aug.  23, 1879 


Anna,  111 *. Aug.  23,1879 

Point  Pleasant,  La i do 

Louisville,  111 '  Aug.  24,1879 

St.  Marks,  Fla Aug.  26, 1879 

Merritts  Island,  Fla !  Aug.  30,1879 

St.  Marks.  Fla I  Sept.    1,1879 

Brookhaven,  Mirs '..   .do 

Fayette,  Miss _ !  Sept.    1,1879 


Vicksburg,  Miss. 
Ashwocjd,  Tenn.. 


Sept.    2.1879 
do 


Fort  Wayne,  Ind i  Sept.    3,1879 

St.  Meinrad's  Abbc»v,  Ind ' do 

Cape  Lookout,  N.  (' Sept.  21,1879 

Hatteras,  N.  C ' do 

Belmont  Farm,  Tox |  Oct.      3,1879 


Indianola,  Tex.. 
Key  West,  Fla. 
Asheville,  N.  C 
Franklin,  N.C.. 
Murphy,  N.  C  _ 


Webster,  N.  C 

Fort  Barrancas,  Fla 

Highlands,  N.  C 

Okaloosa,  La... A.-.i  Nov. 

Fort  Barrancas.  Fla I  Dec. 


Oct.  3, 1879 
Oct.  13,1879 
Oct.    18,1879 

...do 

...do 


Oot.    18,1879 

...do 

Oct.  20,1879 
9, 1879 
5, 1879 


Atlanta,  Ga l  Dec.    14,1879 

Red  Bluff,  Cal i  Dec.  19,  1879 

Los  Angeles,  Cal j  Dec.  20, 1879 

Nashville,  Tenn Feb.  13,  1880 

Point  Pleasant.  La i  Mar.  15,1880 

Vicksburg.  Miss i  Mar.  15,1880 

Point  Pleasant.  La Apr.  15,1880 

Fayette,Mis8 Apr.  10,  1880 

Sacramento,  Cal ,  Apr.  20, 1880 

Forest  City,  Cal Apr.  21,1880 


Inche.9. 
4.7 
5.1 
4.6 
4.3 
8.5 

7.6 
6.4 
4.6 
5.0 
4.2 

5.0 
7.7 
6.0 
5.0 
4.0 

5.1 
6.7 
5.5 
4.5 
4.8 

4.1 
6.0 
5.0 
4.0 
4.0 

4.1 
4.2 
5.1 
5.2 
4.5 

4.7 
4.2 
6.4 
7.0 
4.3 

6.7 
4.5 
1L6 
5.2 
5.4 

4.1 
5.0 
4.3 
5.2 
5.0 

4.6 
4.0 
9.0 
5.3 
6.6 
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Rainfalls  in  Excess  of  Four  Inches  in  a  Day— Continued. 


Locality. 


Date. 


Georgetown,  Cal Apr.  21,1880 

Grass  Valley,  Cal do 


Hoaldsburg,  Cal 
Modesto,  Cal 

Mount  St.  Helena,  Cal 


Nevada  City,  Cal 
Santa  Rosa,  Cal. . 

Tomales,  Cal 

Mayport,  Fla 

Nashua.  Iowa 


Wallace,  Fort,  Kans 

St.  Meinrad's  Abbey,  Ind 

Columbus,  Ga 

Ellsworth,  N.  C 

Osage,  Iowa 


Fort  Barrancas,  Fla 

Boerne,  Tex 

St.  Meinrad's  Abbey,  Ind 

Vicksburg,  Miss 

Nashua,  Iowa 


Galveston,  Tex  . . . 
HulmevlUe,  Pa  . . . 
Clear  Creek,  Nebr 

Ruggles,  Ohio 

Flushing,  N.  Y... 


Shre veport,  La 

Fort  Barrancas,  Fla 

Ellsworth,  N.  C 

Do 

Cedar  Keys,  Fla 


'.'T' 


Brownsville,  Tex  . . . 
Camp  Verde,  Tex  - . , 
Belief ontaine,  Ohio . 

Hatteras,  N.C 

Fort  Totten,  N.  Dak 

Merritts  Island,  Fla 

Cedar  Keys,  Fla 

Quitman,  Ga 

Vicksburg,  Miss 

EUsworth,  N.  C... 


Highlands,  N.  C 

Mount  Washington,  N.  H. 

Pilot  Point,  Tex 

Monticello,  Iowa 

Nashua,  Iowa 


Amana,Iowa 

Jacksboro.  Tex . . 
Jacksonville,  Fla 
Hattora8.N.  C... 
Jacksonville,  Fla 


do 
do 
do 


Apr.  21, 1880 

.---do 

...do 

May  4,  1880 
May   13,  1880 

May  14,1880 
May  21,1880 
May  22,  1880 

...do 

May  24,1880 

May  26,1880 
May  28,1880 
Mav  29,  1880 
MaV  30,  1880 
June  14, 1880 

June  24,  1880 
July  «,  1880 
July  7,  1880 
July  11,  1880 
July   12,  1880 

.July  27,  laSO 
Aug.    3,  1880 

.-..do 

Aug.  4,  1880 
Aug.    6,  1880 

Aug.  12, 1880 
Aug.  13, 1880 
Aug.  20, 1880 
Aug.  23, 1880 
Aug.  26,  1880 

Aug.  30, 1880 
Aug.  31, 1880 

....do 

Sept.  1,  1880 

...-do 


Sept.  3,  1880 
Sept.  15.  1880 
Sept.  20.  1880 
Sept.  25,  1880 
...do 


Amount. 


Sept.  20,  1880 
Oct.  2,  1880 
Oct.  8,  1880 
Oct.  »,  1880 
Oct.   10,1880 


Lidies, 
4.0 
4.5 
9.7 
7.0 
14.7 

5.2 
6.7 
5.0 
5.5 
4.0 

4.0 
4.0 
9.9 
5.5 
5.4 

4.2 
6.5 
4.5 
4.3 
7.5 

5.3 
4.7 
4.5 
4.0 
4.2 

5.0 
4.1 
6.0 
9.0 
4.6 

7.8 
4.9 
5.3 
9.1 
5.1 

4.7 
5.3 

6.0 
5.2 
5.0 

5.6 
7.4 
5.3 
5.0 

8.2 

4.5 
4.1 
4.4 
4.4 
4.0 
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Rainfalls  in  Excess  of  Pouh  Inches  in  a  Day— Continued. 


Locality. 


St.  Augustine,  Fla. 

Lexington,  Mo 

Ellsworth,  N.  C  ... 
Point  Pleasant,  La. 
Quitman,  Ga 


Favette,  Miss 

Ellsworth,  N.  C 

Do 

Mount  St.  Helena,  Cal 

Do 


Mount  St.  Helena,  Cal. 

San  Francisco,  Cal 

Mobile,  Ala 

Do 

Atlanta,  Ga 


Hatteras,  N.  C 

Mobile,  Ala 

Wellaboro,  Pa 

Boston,  Mass 

Block  Island,  R.  I 

Des  Moines,  Iowa- 
Wilmington,  N.  C 

Nashua,  Iowa 

El  Paso,  Tex 

Nashua,  Iowa 


Ames,  Iowa  .  - . 
La  Crosse,  Wis 
Mobile,  Ala  ... 
Pensacola,  Fla. 
Pensacola,  Fla. 


Charleston,  S.C.- 

Savannah,  Ga 

Smithville,  S.  Dak 
Shrevc}>ort,  La . . . 
Ellsworth,  N.C... 


Oct.  10,1880 
Oct.  13,1880 
Oct.  29,  1880 
Oct.  30,  1880 
Nov.    6,  1880 

Nov.  28,  1880 

...do 

Dec.  2,  1880 
Dec.  3,  1880 
Dec.  20,  1880 

Dec.  24,  1880 
.Tan.  29,  1881 
Feb.  (),  1881 
Mar.  11,1881 
Mar.  17,  1881 

Apr.  14.  1881 
Apr.  24;  1881 
June  7,  1881 
June  10,  1881 
...do 


June  20,  1881 
I  Julv     1,  1881 
Julv     9.  1881 

...do  

July  10,  1881 

July  11, 1881 
July  20,  1881 
Aug.    2,  1881 

..do 

Aug.    3,1881 

Aug.  27,1881 
Aug.  28, 1881 
Sept.  6, 1881 
Sept.  14,1881 
Sept.  14,1881 

Sept.  15, 1881 

do 

Sept.  1().  1881 


Pensacola,  Fla 

Nashville,  Tenn 

Cedar  Keys,  Fla 

Ellsworth,  N.C '....do 

Port  Eads,  La Sept.  26,1881 

Sept.  27, 1881 
Sept.  29, 1881 

...do 

...do 

Sept.  30, 1881 


Dubuque,  Iowa 

Nora  Springs,  Iowa 

Howard,  Nebr 

Omaha,  Nebr 

Fort  Scott,  Kans 


Sept.  30, 1881 
...do 


Independence ,  Kans 

Marquetto,  Mich 

Decatur,  Tex i do 

Nelson,  Tex I do 

Brackettville,  Tex ;  Oct.     2,1881 


Amount. 


Inches. 
10.3 
4.3 
6.3 
8.6 
6,7 

5.6 
5.0 
5.0 
6.6 
6.7 

9.0 
4.7 
4.0 
4.1 
4.6 

4.5 
5.3 
4.0 
4.4 
6.0 

5.1 
4.5 
7.8 
6.5 
5.2 

5.4 
4.6 
6.7 
4.3 
6.1 

4.7 
4.8 
4.1 
4.1 
6.0 

5.6 
4.2 
4.8 
13.0 
4.2 

4.4 

4.0 
5.8 
5.3 
5.2 

4.0 
4.4 
4.4 
4.0 
13.1 
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Rainfalls  in  Excess  op  Four  Inches  in  a  Day— Continued. 


Locality. 


Payette,  Miss. \  Oct.    28,1881 

Vicksburjf ,  Miss , i do 

Highlanda,  N.C t  Oct.    30,1881 

Mobile,  Ala Nov.     6,1881 

Point  Pleasant.  La Nov.   12,1881 


Fort  Barrancas,  Fla I  Nov. 

Indianapolis.  Ind , !  Nov. 

Fort  Barancaa,  Pla j  Dec. 

Pensacola,  Fla Dec. 


Highlands,  N.  C 


St.  LouiSf  Mo 

Wilmington,  N.  C 

Mobile,  Ala. 

Little  Rock,  Ark . 
Pike's  Peak,  Colo. 


Little  Rock,  Ark.. 
Charleston,  S.C... 
Atlantic  City,  N.J. 

Do 

Port  Stockton,  Tex 


Indianola,  Tex 

San  Antonio.  Tex 

Millen.  Ga... 

Savannah,  Cva 

Troy,  Ala 


Fort  Barrancas,  Fla. 

Pensacola,  Fla 

PortEade.  La 

Cedar  Keys,  Fla 

Alla])aha,  Ga 


Athens,  Ga 

Eastman,  Ga. . . 

Macon,  Ga 

Madison,  Ga.. 
Smith  villo.Ga. 


CapoM^',  N.  .1.... Sept.  11.1882 

New  Haven,  Conn Sept.  12,1882 

New  London,  Conn do 

Acto,  N.  .J ' do 

Barnegat  City.  N.  .1 1 do 


Dec. 

Feb. 
Mar. 
Apr. 
May 
May 

May 

.Tune 

Aug. 

Aug. 

Sept. 

Sept. 
...do 
Sept. 
....do 
Sept. 


10, 1881 
18, 1881 
20, 1881 
21, 1881 

20. 1881 

20.1882 
27;  1882 

19. 1882 

7, 1882 
8, 1882 

10, 1882 
18, 1882 
16, 1882 
27,1882 
r),1882 

0, 1882 

"7,'i882 


9,1882 


Sept.    9,1882 

....do 

...do 

Sept.  10,1882 
...do 


Sept.  10, 1882 

...do 

...do 

...do 

...do 


Little  Egg  Harbor.  N.J •  Sept.  12,1882 

Sandv  Hook. N.  J .'' do 

Vineiand.  N.  J do    

Mount  Wauhington,  N.  II i  Sept.  1."),  1KS2 

Sour  I^ke,  Tex Sept.  Hi,  1882 

Patterson,  N.  J I  Sept. 22-24, '82 

Sandy  Hook,  N.  J !  Sop*.  22.1882 

West  Point,  N.  Y !....do 

Philadelphia, Pa '  ...do 

Bordcntown,  N.J |  Sept.  23,1882 


Amount. 


lyicheJt. 
6.2 
0.0 
8.3 
4.5 
0.0 

6.1 
4.3 
5.3 
4.2 
5.3 

4.4 
5.3 
7.3 
4.2 
4.3 

6.3 
4.1 
4.8 
5.2 
6.6 

4.0 
0.2 
4.3 
4.9 
9.3 

7.4 
4.9 
5.9 
4.1 
7.0 

4.4 
4.6 
6.5 
5.3 
8.0 

4.8 
4.3 
4.4 
5. 0 
9.  5 

4.1 

4.8 
0.  I 
5.1 
6.1 

17.9 
4.4 
5.8 
4.0 
7.4 
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Rainfalls  in  Excess  of  Four  Inchpis  in  a  Day— Continued. 


Locality. 


Freehold,  N.  J |  Sept.  23,1882 

Moorestown,  N.  J ! do  -.-:  — 

Readin^ton,  N.  J .- : Sept.21-23,'82 

Somerville,  N.  J 

South  Orange,  N.  J 


Sept.  23, 1882 
Sept.  23, 1882 


Albany,  N.  Y Sept.  23,1882 

New  York  City,  N.Y do 

Fallsington,  Pa do 

West  Chester,  Pa I do 

Pequannock,  N.J I  Sept.  24.1882 

Flushing,  N.Y •. Sept.  24,1882 

Norfolk,  Va •. Sept.  26,1882 

Wellington,  Kans Oct.      7,1882 

Wilmington.  N.  C !  Oct.    10,1882 

LiveOak,  Fla :  Oct.    11,1882 

Hatteras,  N.  C Oct.    11,1882 

Fort  Macon,  N.  C Oct.    12,1882 

Portsmouth,  N.C ■ do 

Southport,  N.  C l-.-.do 

Charleston  .S.C 

Somerset.  Mass 

Dallas,  Tex ^ 

Shreveport.  La 

Palestin(\  Tex 

Fernand  ina,  Fla 


Allapaha,  Ga 

St.  Augustine,  Fla. 

Mobile,  Ala 

Nashua,  Iowa 


Traverse  City,  Mich " do 


Oct.  12,1882 

Oct.  14, 1882 

Oct.  16,1882 

Oct.  17, 1882 

Oct.  18,1882 

Oct.  21, 1882 

Oct.  21,1882 

Oct.  23,1882 

Oct.  31,1882 

Nov.  11,1882 


Portland ,  Oregon . . 
Point  Pleasant,  La. 
Portland,  Oregon.. 

Hatteras,  N.  C 

Little  Roc^k,  Ark .. 


Dec.  13,1882 
Dec.  19,1882 
Jan.  6, 188:^ 
Jan.  19,1883 
Apr.     0, 1883 


Vicksburg,  Miss 

New  Orleans,  La 

Norfolk,  Va |  Apr.   17,18^3 

Nashville,  Tenn ;  Apr.  22.1883 


Apr.     6, 1883 
Apr.     8, 1883 


Charleston,  S.  C 


Key  West,  Fla 

Mobile,  Ala 

Wilmington,  N.  C 
Allendale,  S.C  ... 
Salisbury, N.  C... 


Jesup,  Ga 

Quitman,  Ga 

Houston,  Tex 

Battle  Creek,  Mich 
Fallston,Md 


May     2, 1883 

May  11,1883 

May  29,1883 

.Tune  2;  1883 

June  7,1883 

June  10,1883 

Jime  13,1883 

....do 

...do 

.Tune  25,1883 
June  27,1883 


Amount. 


Inches, 
6.0 
7.0 
9.0 

7.7 
7.5 

4.2 
6.2 
4.9 
4.5 
9.9 

5.3 
4.2 
4.2 
4.2 

4.8 

4.7 
5.3 
5.7 
7.4 

i.2 

4.5 
4.0 
4.1 
4.6 
13.1 

5.0 
11.5 
5.2 
4.8 
4.0 

7.7 
13.5 
6.9 
4.0 
4.6 

4.2 
9.2 
5.2 

5.0 
6.4 

4.8 
5.6 
5.2 
4.0 
7.4 

4.0 
4.1 
4.0 
4.8 
4.2 
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Rainfalls  in  Excess  of  Four  Inches  in  a  DAY~Continued. 


Locality. 


Ames,  Iowa  . 
White,  Tenn 
Lulinir.  Tex  . 
Whit^.  Tenn 
Cresc'o.  Iowa. 


July  4, 1883 

Juiv  (>,  1883 

July  7, 188;^ 

July  8,1883 

July  21,1883 


White,  Tenn 

C -alera,  Ala 

Kallsingfton.  Pa 

Griffin,  Ga \  Au^.    8,1883 

Savannah,  Ga .' do 


July  2."),1883 
Aug.  2.1883 
...do... 


Charleston,  S.  C Aug.    8,1883 

Lincoln.  Nebr Aug.  11,1883 

Lumbt>rton.  N.  C I do 

Lincoln,  Nebr '  Aug.  IT,  188:^ 

Ycmas3ce,  S.  C ■  Aug.  18,1883 

I 

Ruggles,  Ohio I  Sept.    1,1883 

Rmwn.sville,  Tex :  Sept.    4,1883 

Houston,  Tex- i  Sept.    7,188:^ 

Wilmington,  N. C Sept.  10, 188:^ 

Lumberton,  N.C j  Sept.  11,1883 

New  River  Inlet,  N.C '  Sept.  11,1883 

Scott  Hill,  N.C L...do 

South  port  .N.C : do 

Weldon,  N.C ...do 

Cape  May,  N.J Sept.  12,1883 


Fort  Stockton,  Tex 

Wilmington,  N.CJ 

Brookhaven.  Miss 

Scott  Hill,  N.C- Sept.  M),  1883 

Fort  Stockton,  Tex !  Sept.  15),  1883 


Sept.  13,1883 
Sept.  14, 18a3 
Sept.  18,1883 


Luling,  Tex Sept.  20,1883 

Wellsburg,  W.  Va do 

Memphis,  Tenn 

Fernandina,  Fla : 

Jacksonville,  Fla 


Clay  Center,  Kans. 
Brookhaven,  Miss . 

Key  West,  Fla 

Clinton,  Ind 

Frankfort,  Ky 


Oct.  4, 188;^ 
Oct.  17,1883 
....do 


Oct.  17,1883 

Oct.  18. 1883 

Oct.  21,188,3 

Oct.  28,188;^ 

Oct.  29,18^3 


Amount. 


Grand  Junction,  Tenn '  Oct.    29,1884 

Morrison,  111 Nov.     5,188;^ 

8hreve)>ort,  La Nov.   10,1883 

Palestine,  Tex do 

Vlcksburg,  Miss - '  Nov.  11,1883 

Louisville,  111 :  Nov.  21,1883 

McLeansboro,  111 :  Nov.  21,1883 

Franklin,  Ind do 

Vlcksburg,  Miss Nov.  22,1883 

l^tooeh  Islaud,  Wash ....iNov.  29,1883 


Inches, 
4.5 
'kO 
4.0 
8.1 
4.3 

5.1 
4.9 
4.5 
10.4 
4.0 

4.9 
6.5 
6.2 
4.2 
5.0 

•  4.5 
5.8 
5.1 
7.3 
6.2 

5.9 
6.8 
5.2 
4.2 
4.2 

4.3 
4.9 
4.1 
4.0 
7.9 

4.0 
4.5 
4.3 
5.3 
4.2 

4.7 

4.1 
9.2 
4.5 
6.2 

5.0 
4.1 
4.8 
5.1 
4.8 

4.2 
4.2 
4.2 
4.0 
4.1 
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Rainfalls  in  Excess  of  Four  Inches  in  a  Day— (Continued. 


Locality. 


Mackinaw  City,  Mich. 

Lynchburg,  Va 

Fort  Gaston,  Cal 

Vicksburg,  Miss 

Tatoo8h  Island,  Wash 


Tatoosh  Island.  Wash. . 
San  Buenaventura,  Cal 

Fort  Smith,  Ark 

Pensacola,  Fla 

Weatherfoi-d,  Tex 


Northport,  Mich. 
Prescott,  Ark  ... 
Hempstead,  Tex. 

Houston,  Tex 

Palestine.  Tex... 


Tj'ler,  Tex 

Wcatherford,  Tex 

Omaha,  Nebr 

Northport ,  Mich . . 
Weatherford,  Tex 

Weatherford,  Tex 
Shrovoport,  La  ... 

Palestine.  Tex 

Tyler,  Tex 

Weatherford,  Tex 


Tyler,  Tex 

Florence,  S.  C 

Cleburne,  Tex 

Weatherford,  Tex 
Do 


New  Haven,  Conn . 
New  London,  Conn 
Voluntown,  Conn  .- 
HaveI•ford,  Pa 

Hulmeville,  Pa 


Athens.  Ga 

Hatteras,  N.C 

Smithville,  Ga 

I-«eaven worth.  Kans. 
Columbus.  Miss 


Date. 


Dec.  21,1883 

Dec.  22,1883 

Dec.  25,1883 

Dec.  30,1883 

Jan.  11,1884 

Jan.  12,1884 

Feb.  o,  18*4 

Feb.  11,1884 

Mai*.  5, 1884 

May  1, 1884 


May 
May 
— do 
...do 
...do 


2,1884 
3,1884 


May 
— do 
May 
May 
May 


3,1884 


5,1884 
13,1884 
16,1884 


20,1884 
21,1884 


May 

.-.-do 

May    21,1885 


May 

May 

June 

.-..do 

Juno 

.Tune 

...do 

...do 

...do 

...do 


22,1884 

26,1884 

2,1884 


3,1884 
26,1884 


July  4, 1884 

July  11,1884 

Jiilv  12,1884 

July  14,1884 

July  28,1884 


Auff.    2,1884 
...do 


Cresco,  Iowa 

St.  Vincent,  Minn 

Madison,  Iowa I  Au<f.  27, 1H84 

Denmark,  Iowa An^r,  2H,  1884 

Fort  Barrancas,  Fla Sept.    2.1884 


La  Ci*08se,  Wis 

Rio  Grande  City,  Tex 

Statesburg,  S.C 

Charlotte,  N.  C 

Portsmouth,  N.  C 


Sept.  6,1884 
Sept.  10, 1884 
Sept.  11,1884 
Sept.  12, 1884 
— do 


Amount. 


Indies. 
4.5 
4.5 
6.6 
4.5 
4.1 

4.0 
9.6 
5.6 
4.0 
4.0 

4.8 
4.0 
4.6 
5.5 
5.0 

4.0 
4.0 
10.0 
4.6 
4.9 

4.8 
5.4 
4.4 
4.0 
8.0 

4.0 
4.0 
6.0 
4.0 
5.0 

4.7 

6.0 
4.5 
4.8 
4.8 

4.0 
4.2 
7.5 
4.3 
4.3 

4.7 
4.5 
4.5 
5.6 
5.3 

5.7 
5.6 
6.4 
6.6 
7.0 
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Rainfalls  in  Excess  of  Four  Inches  in  a  Day— Continued. 


Locality. 


Wilmington.  N.  C 

Charleston.  S.  C 

Fort  Macon,  N.  C 

New  River  Inlet,  N.  C. 
Independence,  Iowa  ... 


Topeka,  Kans 

North  Lewisburg,  Ohio. 

Indianola,  Tex 

Texarkana,  Ark 

Davenport,  Iowa 


Franklin,  La 

New  Iberia.  La.. 
Whitoville.La... 
Galveston,  Tex . . 
Fort  Bro\ni,  Tex 


Brownsville,  Tex  . 
Kitty  Hawk.  N.  C 

Wellsboro,  Pa 

Northport,  Mich.. 
Princeton,  Mass . . 


Point  Pleasant,  La 

San  Rafael.  Cal 

Point  Plea*5aht,  La. 

L^chburc:,  Va 

San  Rafael,  Cal 


Little  Rock,  Ark 
Shreveport,  La.. 
Galveston,  Tex . . 
Vlcksburg,  Miss. 
Mount  Ida,  Ark  . 


Monroe,  La 

Point  Pleasant,  La 

Shreveport,  La 

Shreveport,  La 

Lynchburg,  Va 


Point  Pleasant,  La  . 
Fort  Barrancas.  Fla 
Point  Pleasant,  La  . 

Vlcksburg,  Miss 

Fort  Smith,  Ark  ... 


Rio  Grande  City,  Tex 

Woimer,  Tex 

Waco,  Tex 

Malvern,  Ark 

Greenville,  Ala 


Dalton,  Ga 

Hwrdeevllle,  S.  C  . . 
Batesburg,  S.C.... 
Jacksonville,  Fla .. 
Brownsville,  Tenn. 


Date. 


Amount. 


Sept.  12, 1884 

do 

Sept.  13, 1884 

...do 

Sept.  23, 1884 

Sept.  27, 1884 
Sept.  28, 1884 

....do 

Sept.  29, 1884 
Oct.   7, 1884 

Oct.  26,1884 

....do 

....do 

...-do 

Oct.  27,1884 

Oct.  28,1884 
Nov.  16,1884 
Nov.  23,1884 
Nov.  25,1884 
Dec.  7, 1884 

Dec.  14,1884 
Dec.  21,1884 

....do 

...-do 

Dec.  20,1884 

Dec.  28,1884 

-...do 

...do 

Dee.  29,1884 
Dec.  30,1884 

Dec.  30,1884 

-...do 

Jan.  13,18a'> 
Jan.  14,18a') 
Jan.  23,1885 


Apr. 
Apr. 
Apr. 
Apr. 
Apr. 


2,1885 
3, 18a5 
5, 1885 
7, 18a') 
22, 1885 


May  8, 18a> 

Mav  2o;i8a5 

May  i),18a5 

Mav  26,1885 

May  30,1885 

June  7, 18a5 
Juno  9,18a") 
June  10. 18a5 
,rune  U,  18a5 
Juno  12,1885 


Inches, 
6.8 
5.4 
5.5 
8.4 
7.5 

4.0 
5.4 
7.0 
4.6 
4.1 

4.1 
5.8 
5.3 
5.1 
5.0 

4.9 
4.0 
5.5 
5.2 
4.8 

5.0 
11.4 
4.0 
6.7 
7.7 

4.6 
4.1 
4.5 
4.1 
10.4 

12.1 
8.0 
5.7 
4.3 
6.3 

6.0 
4.3 
12.3 
4.3 
4.3 

4.4 
4.7 
4.4 

4.0 

6.8 

4.1 
6.5 
4.1 
6.1 
i.5 
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Fort  Reno,  Ind.T..-. 

Sslisbiiry,  N.C 

Baltimore,  Md 

Fort  MoHomy,  Md.. 
Lamar.  Mo 


Cedni- K<>yB.  Pla.. 
WlltonOi-ook.  111- 

Chicogo,  111 

Fallston.Md 

Quakcrtown,  Pa.. 


-i  Jiilv  lu-ieai 
-  Aug.  2,1885 
.    Aug.    3,1885 


New  Haven.  Conn... 

Buckiicld.  Mo 

Amana,  Iowa 

Clinton,  Iowa 

New  London.  Conn .. 


Welkboi'o,  Pa.... 
Charleston,  S.  V.. 

Atlanta,  Ga  _ 

Savannah,  Ua 

Way  Ci-otw,  Ga  . . . 


Charleston,  S.  C... 
Hardeevillo.  S.  C. 

Galveston  Te.v 

RdwardH,  Miss 

Jackson,  Mira 


Lamar.  Mo 

Elk  Falls,  Kans.. 
Hearne,Tex 


Jacksonville,  Fla . . 

West  Point,  Ga 

Galveston,  Tex 

Alayport.  Fla 

Grrffln,Ga 

IdllledgeviUe  Ga.. 


PnrtMawm.N.  C... 

HatteraB,  N.C 

Southport,  N.C 

"Wilmington,  N.  C. 
Kitty  Hawk,  N.C - 


Aug.  4,1685 
Aug.  I3.1Sei5 
Aug.  24, 1885 


Aug.  3,1, 1885 
Aug.  26, 1885 
Aug.  .TO,  1885 
Aug.  31, 1885 


...do 

Sept.  7,188.5 
Sept.  11,1885 
Sept.  17, 188.1 
Sei)t.  in,  1885 
Sept.  20, 1885 

Sept.  20, 1885 


New  River  Inlet.  N.  C. 
ilerrltfs  "island  .Fla ...  - 

Jesuj)  Go        

Jackaonville,  Fla 

Mayport,  Fla 


Mount  Carmel,  III .. 
Reldeville,  N.C... 
Browneville,  Tex... 

Sanford,  Fla 

Port  Brown,  Tes  ... 


Sept.  22. 1885 

Sept.  22. 1885 
Kept.  21!.  1885 
tHipt.  27. 188.> 
Sept.  28. 188.1 
Sept.  29, 1883 

Scirt.  20, 1885 
Oct.  2.1885 
Oct.  8, 1885 
Oct.    10,1885 
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M«yport,FU 

Jeaup.Ga 

ReidaTUle.N.C.... 
■WUmlngtoii,  N,C-. 
Savannah.  Gk 


FUt  Elock,  N.  C  — 
Chwleaton,  S.C... 
Va^iety  MUIb,  Va.- 

Lon^lew,  Tex 

Rei&viUe,  K.C... 


.  Oct.  11,1885 


RaidaviUe,  N.  C 

Galveston,  Tex 

Loncview,  Tes 

BeidBvUlc,  N.  C 

Dale  Enterprise,  Va .. 

Variety  MiliB,  Va 

Greensboro,  Ala 

Marion,  Ala 

Penaacola,  Pla 

ReidavlUo,  N.C 


Pensaoola,  Ula 

■portMaBon.Cal 

New  London,  Conn 

!Jost.>n    Mit-s- 

Block  Island,  R.  I 

Atlanta,  C.a, 

Auj^usta,  Ga 

Chattanooga,  Tenn 

KnoxviUe.Tenn 

.Mahanoy  Plane.  Pa 

Charlotte.  N.C.._. 

Toccoa,  Ga    

Anderson,  S.  C - - 

Greenville.  S.  C 

Spartanburg.  S.  C--.— 

Columbia,  S.C 

BrowUBvilie.  Tex ■ 

Alexandria.  La 

Aberdeen,  Mit* 

YonuMce,  S.C 

Cheneyrille.  La 

Wnmlngton,  N.  C 

BBinbrid^e,Ga 

Ji»lman,Ga 

H»«erafl,N.C 

WAS  91 — VOL  IT 14 


.  Oct.  13,  1 

.  Oct.  18,  1 

.  Oct.  19,  I 

.  Oct.  30,1885 

.  Oct.  24, 1 

.  Oct.  26, 1885 

.  Out.  28,1885 


Nov.  H,  1885 
.  Nov.  n,  1885 
.  Nov.  18, 1885 
.  Dee.  10. 1885 
.   Dec.  13, 1885 

Dec.  13. 1 
Dec.  20,  lftS5 
Feb.  12,  1886 


.   Mav  18.  1 
May   19,  1886 

V.do"'.'. 
..do..-. 

.    May   20,1886 

.  .luno    3. 1866 

JuneI."..Ifl,'86 

Juno  31.  1886 

.   June  2-'>.  1886 


■,16.'S 
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Rainfalls  in  Excess  op  Four  Inches  in  a  DAy--Contlnuocl. 


Locality. 


Weldon.N.C 

Wilmington,  N.  C. 

Gorham,  Kans 

Ninnoscah«  Kans.. 
Denmark,  Iowa . . . 


Washington,.  Ga 

Lumberton,  N.  C , 

San  Antonio,  Tox  — 

RockfordJU 

Indopendonco,  Kans. 


Mount  Angel,  Oregon 

Austin,  Tex 

Hearnc,  Tex 

Tuscumbia,  Ala. 


Pine  Bluflf,  Ark l....do 


July  5, 1886 
July  15,1886 
July    24,1886 

— do 

Aug.  l.%1886 

Aug.  18,1886 
Aug.  19,1886 
Aug.  21,1886 
Aug.  28,1886 
Sept.    4,1886 

Sept.  •  5, 1886 
Sept.  12, 1886 
Sept.  la,  1886 
Sept.  14, 1880 


Pana,Ill 

Brownsville,  Tex 
Do 

Sidney,  Ohio 

Houston,  Tex 


Palestine,  Tex 

Mount  Angel,  Oregon. 

Martinsville,  111 

Sour  Lake,  Tex 

Manchester,  Iowa 


Atlantic  City,  N.J. 
Onawa,  Iowa. 


Oct.    .30,1886 

Nov.  17,1886 

Covington,  Tenn.. i  Nov.  21,1886 


Sept.  16, 1886 
Sept.  21,1886 
Sept.  22, 1886 
Sept.  2.3, 1886 
Sept.  24, 1886 


Sept. 

Sept. 

Sept. 

Oct. 

Oct. 


24, 1886 
a-),  1886 
28,1886 
13,1886 
14,1886 


Tatoosh  Island,  Wash 
Mobile,  Ala 


Dec.    12,1886 
Feb.    20,1887 


Mar.  5,1887 
Ai>r.  22,1887 
Mav     3, 1887 


Marion,  111 

Marcn  j^o,  Ind 

Longview,  Tex 

Tyler,  Tex '....do. 

Okolona,Miss :  May  4,1887 

Weldon,  N.C Mav  10,1887 

Cuero.Tex ,  Mav  21»,1887 

(Jalveston.  Tox Juno  13,1887 

Brownsville,  Tex j  June  20,1887 

Do j  .lune  21,1887 

Savannah,  Ga June  27,1887 

Natchez,  M'sa j  .June  28,1887 

Pensacola,  Fla '  June  2»,  1887 

New  Orleans,  La '  June  30,1887 

.Johnsontown.  Va '  July  23,  lvS87 

Manchester,  N.  H .July  24,1887 

North  Colebr(K)k,  Conn ' do 


OiH'lika,  Ala :  July    27,1887 

Hainbridge.  Ga _ ...■ do. 

Opelika,  Ala July    28.1887 


Amount 


Inches, 
4.8 
7.3 
6.5 
7.0 
4.2 

4.2 
4.4 
4.5 
5.3 

4.8 

5.2 
5.7 
4.0 
4.7 
5.0 

4.5 

10.3 

11.9 

5.6 

4.9 

4.4 

n.9 

5.2 

6.8 
6.7 

6.0 
4.5 
4.0 
4.0 
4.2 

4.0 
Q.8 
4,0 
4.1 
7.5 

6.0 
5.5 
4.3 
4.4 
4.0 

6.1 
4.0 
10.7 
5.6 
4.2 

5.2 
4.3 
5. -7 
4,2 
5.5 
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Rainfalls  ik  Excjsss  of  Pour  Inches  in  a  Day— Continued. 


liocality. 


Ncwnan,  G» 

West  Point,  Ga . 

Camak.  Ga 

Union  Point,  Ga 
Washington,  Ga 


Union  Point,  Ga . 

Nashua,  Iowa 

German  town.  Pa 
G«inesville,  Ga . . 
Toi't'oa.  Ga 


Lincolnton,  N.  C 

Toceoa.  Ga 

Wo<HlsHoll,Ma»8..-. 
New  Brunswick,  N.  J 
Slatcsville,  N.C 


Wilminjf ton,  N.  C 
Goldsbtiro.  N.  C  .. 
Ralciffh,  N.C.... 
Corsicana,  Tex  -.. 
Dallas,  Tox 


Waco,  Tex 

Genoa.  Nebr 

Merritt  Island,  Fla 

Sao  </ity,  Iowa. 

Little  Ejrp  Harbor,  N.  J 


St.  Marys,  Ga 

St.  Augustine.  Fla.. 
Brownsville,  Tex  .  - . 
Corpus  Chriati.  Tex 
Mobile.  Ala 


Mount  Vernon,  Ala  . 

Fnstoria,  Tenn 

Fort  McDowell,  Ariz 
Fort  Weno,  Ind.T... 


Wellington,  Kans. 
Brownsville.  Tex 
Hmzlehuret,  Miss . 

Do 

Lumberton,  N.  C. 


Date. 


July    28,1887 

...-do 

July    21),  1887 

— do 

...do 


July    30,1887 

.-.-do 

July  31.1887 
Aug.  1, 1887 
Aug.     1,1887 

Aug.  1,1887 
Aug.  2,1887 
...do  .....♦-.. 

....do 

...do 


Aug.    3,1887 
Aug.  27, 1887 

do  -- 

Aug.  :}0, 1887 
...do 


Fort  Sill,  Ind.T do 


Aug.  30, 1887 
Sept.  1,1887 
Sept.  .3.1887 
Sept.  5, 1887 
Sept.  12, 1887 

Sept.  17. 18.S7 
Sept.  1»,  1887 
Sept.  21, 1S87 
Sei)t.  24,  1887 
Sept.  27, 1887 

Sei>t.  27. 1887 

.-..do 

Sei)t.  .30, 1SH7 
Oct.      8, 1887 


Oct.  8, 1887 
Oct.  11,1887 
Oct.  17, 1HS7 
Oct.  18, 1H87 
.-.-do 


BUoxi,  Miss Oct.    19,1887 

Natchez,  Miss do 

Brownsville,  Tex I  Oct.    21,1^^7 

Port  Kobinson,  Nebi* Oct.    2.3, 18IST 

Florence,  Ala Oct.    Z\  1«87 

Union  Point,  Ga .  Oct.    2(i.  1KS7 

Bainbridge,  Ga Oct.    27,  1hs7 

Neah  Bay,  Wash ..do 

Tatoosh  island, Wash ..do 

BaleljfhjN.C Oct.    31,1887 


Amount. 


Indiea, 

5.7 

4.4 
^  *■> 

10.0 
6.3 

4.1 
4.1 
4.4 
4.5 
4.0 

4.7 
4.5 
ti.9 
4.6 
6.5 

5.1 
4.0 
4.2 
5.0 
4.0 

4.5 
10.6 
5.0 
5.7 
4.0 

6.2 
4.0 
8.5 
4.0 
4.6 

4.4 
4.0 
4.1 
5.6 
5.4 

6.1 
6.1 
6.0 
4.0 
4.2 

4.6 
10.4 
4.3 
7.1 
4.0 

4.0 
4.3 
5.8 
4.5 
4.5 
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Rainfalls  in  Excess  of  Four  Inches  in  a  Day— Continued. 


Locality. 


Raleigh,  N.C.. 
Mattoon,  III  -.. 
Vandalia,  111... 
Charleston,  111. 
Trinity,  Ala... 


Port  Barancas,  Fla 

Yaquina  light-house,  Oregon 

Neah  Bay,  Wash 

Palestine,  Tex 

Pensacola.  Fla 


Biloxi,  Miss 

Brattlelx)ro,  Vt 

Neah  Bay,  Wash 

Pysht.Wafih 

South  Orange,  N.  J 


Lawrenceburg,  Tenn. 

Auburn,  Ala... 

Gadsdon,  Ala 

Montgomery,  Ala — 
Talledega,  Ala 


Troy. Ala 

Union  Springs,  Ala. 

Nunelly,  Tenn 

Statcsvillc,  N.  C... 
Santa  Maria,  Tex .  - . 


McAllaster.  Kans. 
Grainfield,  Kanu.. 

Dallas,  Tex 

"VVoathe rf o rd ,  Tex 
Palestine,  Tex 


St.  Matthews.  S.  C  .. 

Hatteras,  N.  C 

Tallahassee,  Fla 

Fort  Niobrara.  Nebr. 
Hot  Springs,  Ark  ... 


Malvern,  Ark 

Alexandria,  La.. 
Fort  Monroe,  Va 

Alva,  Fla 

St.  Louis,  Mo 


Date. 


Amount. 


Nov.     1, 1887 
Nov.  26,1887 

...do  - 

Nov.  27,1887 
Dec.     4, 1887 

Dec.  4, 1887 

Dec.  6, 1887 

Dec.  17,1887 

Mar.  4, 1888 

Mar.  10,1888 

.--.do 

ilar.   12,18vS8 

.-..do 

...do 

Mar.  13,1888 


Mar. 

Mar. 

--.do 

-..do 

...do 


2H,  1888 
27, 1888 


Mar.  27,1888 

...do 

...do 

Mar. 
Apr. 


2»,  18«8 
20, 188^ 


Apr. 
Apr. 
...-do 
Apr. 
Apr. 

Mav 
May 
May 
Mav 
Mai- 
May 
May 
May 
.1  une 
June 


2:;,  1888 
27, 1888 


2S,  i8as 

25),  18«8 

10, 18^8 
11.1888 
20,  ISJiS 
•i<>.  1888 
28,  1888 

28,1R88 
30,1888 
31.1888 
15, 1888 
16,1888 


Columbia.  Tex Juno   17,1888 

Galveston .  Tex ! do 

New  trim,  Tex .June  18,1888 

Orange,  Tex ! do 


Sour  Lake,  Tex. 


Cunningham,  Kantj.. 
Fort  Maginnis.  Mont 

New  Orleans.  La 

Kvero^reon ,  Ala 

Mobile,  Ala 


do 


.lune 
.Tune 
June 
June 
....do 


19, 1888 
21,1888 
26, 1888 
27, 1888 


Indies, 
4.5 
5.1 
5.0 
5.2 
5.2 

5.4 

8.5 
5.4 
5.8 
4.0 

4.5 
4.0 
4.0 
4.0 
5.0 

4.7 

4.8 
4.8 
7.2 
0.2 

4.5 
6.2 
4.0 
4.0 
7,3 

4.0 
5.0 
5.0 
5.0 
4.4 

4.0 
4.8 
6.3 
5.0 
5.5 

4.9 
4.2 
4.1 
4.5 
4.6 

7.0 
6.4 
6.5 
4.5 
9.7 

4.0 
5.3 
4.4 
5.5 
8.5 


BEPORT   OP   THE   CHIEF   SIGNAL   OFFICER. 


213 


Rainfalls  in  Excess  of  Pour  Inches  in  a  Day— Continued. 


Locality. 


Mount  Vernon  Barracks,  Ala 

Mattoon,  111 

Pana,  111 

Windsor,  HI 

PortEad8:La 


Date. 


Gove,  Kans 

Osceola,  Iowa... 
Cromwell,  Iowa. 

Orange,  Tex 

Piatt,  111 


June  27,1888 

..--Qo 

...do 

...do  

...do  


July 

July 
July 
July 
July 


Graeev,  Ohio I  Jul v 

Philo,''lll •  .July 

Connersville,  Ind ;-..do 

Gracev,  Ohio L.   .  do 


2,18X8 
4,1888 
5, 1888 
(>.  1888 
8, 1888 

8,1888 
9, 18.SS 


Neweomei'stown,  Qhio. 


Detroit,  Mich Au-^    4,1888 

Mandcville,  La Au;r.    S,  1SS8 

Spartanburg,  S.  C '  Au,^^  KMSSS 

Cromwell,  Iowa '  Au«^.  11,  ISSS 

Glenwood,  Iowa : do 


Smithville,  N.  C. 
Baton  Rouge,  La 
Porw  £^s.  La ... 


Aug.  \X  1888 
Aug.  L').  1888 
do 


St.  Joseph,  La _ L.    .do 

Sugar  "Experiment  Station,  La '  . .  .do 


Amount. 


Julv      »,  1S88 

t 
I 

Tridelphia.  W.  Va Julv    ID,  1888  ' 

Woods  Holl,  Mass hily    2lM8S8 

Denmark,  Iowa .lulv    27.  IS'^vS  ■ 

Charleston,  S.  C !  JulV    ao,  1K8S  • 

Phillips,  Wis AuL'.    3.1888 


Thibodeaux,  T^ '  Au«jf.  !">,  1888 

St.  Martinville,  La Au'f.  IJ.  1888 

D&llas.Tex .     do 

Citronelle,  Ala i  Aui^.  20,  1S88  | 


New  Market,  Ala. 


do  . 


Aug.  20,  18v8S 


Clinton,  La 

Franklinton,  La do 

New  Orleans,  La |  Au<r.  2H,  1888  ; 

Selma,  Ala ;  Aug.  21,  1S88 

Blue  Lick,  Ind '     ..do 

Aberdeen,  Miss '  Aug.  21,  1888  ' 

Locktown,  N.  J i do 

Paterson.  N.J j  Aug.  22.  1888  , 

Plainfleld,  N.J ..L.do    i 

South  Orange,  N.  J Ajg.  21,  1888  i 


Indies, 
4.5 
5.8 
4.0 
4.0 
4.0 

4.0 
4.8 
6.5 
5. 5 
4.7 

5.0 
8.1 
•  (i.8 
7.0 
4.0 

0.9 
4.4 
4.8 
4.:{ 
4.0 

4.4 
8.5 
(i.O 
;>.  o 
5.0 

5.5 
4  •> 
5.7 
0.0 
4.0 

4.2 

5.4 
4.0 
4.0 
4.0 

4.8 
4.1 
8.9 
5. 0 
4.1 


Union,  N.  J _ 

West  Point,  N.  Y 

Demos,  Ohio _ I do 

Gracey,  Ohio ^ I do 

Bethlehem,  Pa ...^ j do 


Ajg.  21,  1888  ; 

do ; 


7.5 
4.0 
4.4 
5.7 
4.2 


4.0 
4.3 
4.2 
4.0 
4.5 
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Rainfalls  in  Excess  oe  Pour  Inches  in  a  Day— Continued. 


Locality. 


Girardville,  Pa., 
Huntingdon,  Pa. 

Johnstown.  Pa 

Kiitztown,  Pa  .-. 
Lel>anon,  Pa 


Date. 


New  Bloomficld.  Pa 
Point  Pleasant,  Pa  . 
Selsholtzville,  Pa. . . 
Selin's  Grove,  Pa... 
Shamokin,  Pa .. 


Aug.  21, 1888 

...do 

...do 

...do 

...do 


Aug.  21,  1888 

...do 

...do 

...do 

...do 


Somerset,  Pa 

State  College,  Pa. 
Union  town.  Pa ... 
Memphis,  Tenn  .. 
Frankfort,  Ky 


Maurepas,  La  ... 
Ardenia,  N.  Y... 

Altoona,  Pa  ^ 

Harridburg,  Pa.. 
Quakertown,  Pa. 


Aug.  21, 1888 

...do 

...do  

...do  

Aug.  22, 1888 

Aug.  22,  1888 

do 

...do 

--.do 

...do 


Reading.  Pa _ Aug. 

Dallas,  Tex !  Aug. 

Galvestion,  Tex _ ' do 

Gallinas.  Tex _ Aug. 

San  Antonio,  Tex 


22, 1888 
24, 1888 


Granbury ,  Tex  .* 

Mesquite,  Tex 

Weatherford,  Tex. 

Malvern,  Ark 

Tyler,  Tex 


Biloxi,  Miss Aug. 

Eufaula,  Ala Aug. 

Ashwood,  Tenn ^ _ 1  Aug. 

Gainesville,  Ga _ '  Sept. 

Livingston,  Ala ^ '.  Sept. 


Alva,  Fla Sept. 

Manatee,  Fla .' :  Sept. 

Albany,  Ga ' do 

Camak,Ga _ I do 

Milledgeville.  Ga | do 


.m  1880 
:^,  1880 

31,1888 
5, 1888 
7. 1888 

8,1888 
9, 1888 


Union  Point,  Ga 

Washington,  Ga ^ "do 

Oceanic,  N.  J* _■ _ : do 

Jaeksonboro,  S.  C -_ 

Statesville,  N.  C 


Sept.    9,1888 


iibbeville,  S.  C Sept. 

Cj'eenwood,  S.  C do 

Ifcw  Market,  Ala 

Eastman,  Ga ^. 

Atlanta,  Ga ^ .. 


Amount. 


Inches. 
5.6 
4.8 
4.5 
5.1 
4.8 

4.8 
4.0 
4.7 
5.2 
4.0 

4.5 
4.0 
4.5 
4.7 
4.0 

7.? 
4.0 
4.3 
4.7 
4.6 

4.5 
4.0 
5.9 
5.0 
4.2 

10.2 
4.4 
5.B 
4.2 

11.4 

4.5 
4.2 
5.4 
4.3 
4.2 

6.7 
5.0 
5.2 
4.5 
5.5 

4.4 
4.0 
4.5 
4.0 
5.3 

7.4 
8.4 
4.8 
4.0 
5.9 
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Raixfalls  in  Excess  of  Four  Inches  in  a  Day— Continued. 


Locality. 


Milloreburg.  Kv . 
StateHvillo.  N.  C. 

Lincoln.  Wis 

Ardenia,  N.  Y... 
Hf'thleheni,  Pa  . . 


S^rtanburg,  S.  C  .. 

Green  Bay,  Wis 

B(»yd  Corners.  N.  Y 

Cotuit.  MasH 

New  Bodfoixl,  Mass. 


Taunton,  Matw 

Vinevard  Haven.  Mass. 

Wood'MHoU,  Mass 

Austin.  Tex 

New  Oi-lcans,  La 


Marengo,  Ind 

Corpus  Christi,  Tex 
Little  Honk,  Ark  ... 

Anrher,  Fla 

Manatee,  Fla 


Titusvillo,  Fla 

Milton,  Mass 

Fort  Meade,  Fla 

Homeland,  Fla 

Merritt's  Island,  Fla • 


Titusville,  Fla . 
Ardenia.  N.  Y. 
Hartford.Conn 
Falls  ton.  Md  .. 
Miceo.  Fla 


Date. 


Sept.  16, 1888 

..-.do 

...do 

Sept.  17, 1888 
...do 


Sept.  17, 1888 

...do 

Sept.  18, 1888 
Sept.  20, 1888 
...do  


Sept.  26, 1888 

...do  ....:... 

...do 

Oct.  21,1888 
Oct.  22,1888 

Nov.  2, 1888 

Nov.  7,1888 

Nov.  8,1888 

Nov.  9, 1888 

Nov.  10,1888 

Nov.  10,1888 
Nov.  27,1888 
Dec.    17,1888 

...do 

do , 


Dee.    17,1888 

...do 

Dec.    18,1888 

...do 

Dec.    24,1888 

Jupiter,  Fla Jan.    12,1889 

Hepzibah.  Ga j  Jan.    20.1889 

St.  Martinville,  La '  Jan.    20;  1889 


Motes,  Ala 
Stat*rsville,N.C 


Feb.    10,1889 
Feb.    18,1889 


Amount. 


Camp  PcHa  Colo..  Tex Feb.    27,1889 

Fort  Barranca.s,  Flu '  Mar.     2,1889 


Viola,  Del 
Smithlield.  Va. 
Birdsnest,  Va  . 


Spottsvillo.  Va 

Hatteras,  N.  C 

Norfolk,  Va 

Beardstown,  111 

Washington  Barracks,  D.  C 


Mar.  :»,1889 

Mar.  20,1889 

Apr,  7, 1889 

Apr.  7,1889 

Apr.  10,1889 

...do 

Apr.  19,1889 

Apr.  2.').  1889 


Kendall  Green,  D.  C '  Apr.  20,188^ 

Waahington  City .    do 

Baltimore,  Md ..' do 

Fort  McHenry,  Md ' do 

J6WeU,Md ,..|  Apr.  27,1889 


Inches, 
4.6 
4.1 
4.0 
4.3 
4.7 

4.0 
4.0 
5.0 
4.7 
4.8 

4.3 
0.0 
6.6 
4.0 
4.1 

4.0 
4.6 
4.4 
4.1 
4.5 

4.1 

6.2 
0.2 
4.1 
5.4 

5.3 
4.0 
4.2 
6.0 
6.3 

6.4 
fi  0 
4.0 
4.0 
4.5 

4.5 
4.0 
5.0 
4.2 
4.0 

4.0 
4.4 
4.6 
4.0 
5.4 

5.5 
4.7 
5.8 
5.0 
).6 
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Rainfalls  in  Excess  of  Four  Inches  in  a  DAY—Continued. 


Locality. 


Hanover,  N.  J 

Fort  Myer,  Va 

Seisholtzviile,  Pa. 


Liiray,  Kans 

Junction  City,  Kans 


Wakefield,  Kans 

Princeton,  Mo 

Barron  Creek  Springs,  Md 

Lebo,  Kan I , 

Booneville,  Mo 


New  Frankfort,  Mo 
Withers  Mill.  Mo.. 

Gainesville,  Ga 

Butlervillei  Ind 

Aflheville,  N.  C 


I^enoir,  N.  C 

Morgan  ton,  N.  C  . 
Wauseon.  Ohio . . . 

Frederick,  Md 

Chapel  Hill,  N.C. 

Friendship,  N.  Y , 
Savona,  N.  Y 


West  Almond,  N.  Y 

Aqueduct.  Pa 

Blue  Knobb.  Pa 


Charlesville,  Pa 

Coudersjwrt,  Pa 

Eagles  Mere.  Pa  ..- 

Emporium ,  Pa 

Grampian  Hills,  Pa. 


Harrisburg,  Pa 

Hollidaysburg.  Pa .. 

Huntingdon.  Pa 

McConnelLsbupg,  Pa 
Petersburg,  Pa 


Sellii's  Grove.  Pa 
Smethport.  Pa . . . 

Somerset,  Pa 

Tuscarora,  Pa  . . . 
Florence,  S.  C_._ 


Alum  Springs,  Va  . . 

Bolar.  Va 

Dale  Enterprise,  Va 

Fort  Myer,  Va 

Crowley,  I^ 


Date. 


Apr.  27.1889 

...-do 

Apr. 
May 
May 


28, 1889 
1.3, 1889 
17,1889 


May 
May 
May 
May 
May 

Mav 

...do 

May 

...ao 

...do 


17,1889 
18, 1889 
20,1889 
28,1889 
29,1889 

29,1889 

'3bri889 


May    30,1889 

...do..: 

...do 

Mav    31,1889 
...do 


Amount. 


May    31,1889 

...do 

...do 

...do 

...do 


May    31,1889 

....do 

...do 

...do 

...do 


Mav    31,1889 

...do 

...do 

...do 

...do 


May    31.1889 

...do..: 

...do 

...do 

...do 


Philo,Ill..'. 

New  Frankfort,  Mo 

Peoria,  111. 

Coventry.  Vt... !  June 

CheueyvUle,  La l - i  June 


May    31,1889 

do •. 

...do 

...do 

June     6, 1889 


June 
June 
...do 


7, 1889  j 
8,1889 

9,1889 
10,1889 


Inches. 
4.6 
5.3 
4.7 
4.0 
4.1 

4.2 
4.4 
4.1 
4.(5 
4.4 

9.0 
4.0 
4.8 
4.0 
4.2 

4.1 
5.0 
6.0 
5.2 
4.1 

5.5 
4.6 
6.0 
5.7 
7.9 

6.7 
5.4 
5.2 
5.9 

8.4 

6.2 
5.1 
4.2 
7.1 
6.6 

6.0 
5.5 
4.4 
5.8 
4.9 

5.5 
6.2 
5.2 
4.9 
5.6 

4.2 
-4.6 
4.1 
4.8 
5.9 
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Rainfalls  in  EIzcess  of  Foitk  Inches  in  a  Day— Continued. 


Locality. 

Date. 

Amount. 

Lullne.Tex ^ 

-Tune  10.1889 
.lune  12,16811 
.Tune  13,1889 
June  10,1889 

Indie*. 
4.0 
4.3 

4.1 

6.C 

Juno  19.  1889 
June  23,  1889 
June  27,  1889 
-do 

4.2 

Madison BarrMka,  N.  y -.. 

4.2 

June  20, 1889 

4.0 

Raleigh.  N.  C _ _ 

4.1 

July   2.    18811 
Juiv   3,    1&89 

Diamond.  Ga i. 

4.1 

July  4.    1880 

U.0 

Liunberton,  N.  C 

July    6,  1R89 
July  10,  1889 
Juiv  12,  1889 
July  i;t,  1889 

4.5 

5.U 

5.2 

July  13,   1889 

5.0 

July  14,  1889 

July  IT,  1889 
July  18,  1889 

Colon.  Mich 

4.(1 

4.8 

July  20,  1889 

.Tuly  20,  1889 
July  23,  1889 

4.C 

Smitiis  Corners,  Pa 

4.4 

Belleville,  Kans 

4.1 

Burr  Oak,  Kane 

July  23,  1889 

5.4 

Uacou.Miiw.. 

July   24.  1889 

July   2.>.  1889 
July  27.  1889 

Hepj'.iban.Ga 

Ch.Wo,  PI 

4.9 
4.( 

Dardanelle.  Arlt _ 

BiuwUvUle,  Ark ,. 

July  29.  1889 
July  28,   1389 

5.0 
&0 
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Rainfalls  in  Exokss  of  Four  lNaHi«:s  in  a  Day— Continued. 


Locality. 


Date. 


Gillette,  N.  J , July  30,  1889 

Baltimore.  Md '  July  .31.  18^« 

Gambrill-H.  Md L...do 

Lambertville.  N.J ■ do 

Madison,  N.  J * -do 


Newark,  N.J July  31,  1889 

Plainrfield,  N.  J i....do 


South  Orang-e,  N.  J. 
Tenaflv.  N.  J 
Union  N.  J.. 


do  ...f 

do.-., 
do.... 


Davids  Island,  N.  Y 

Foi'ka  of  Neshaminy ,  Pa 

Franklin,  Pa 

Frederick,  Pa i do 

University  of  Vir^dnia,  Va ' do 


July  31,  1889 

...do 

...do 


Newport,  Ark !  Aug.    4, 1889 

Carson,  Iowa Aujj .    9, 1889 

Weeping  Water,  Nebr ' do 

New  Braunfols,  Tex i do 

Lawrence,  Kans \  Aujf.  12,  1889 

Crete, Nebr i  Aujj.  12,  1889 

Tecumseh.Nebr _^ '  ...ao 

Oceanic.  N.  J _ Aujj.  U,  1889 

Girardville,  Pa _ ' do 

Nantucket,  Mass _ '  Aug.  15,  1889 

Charleston,  S.  C Aui?.  15,  1889 

Grantsburg,  Wis Au^.  20,  1889 

Lumberton,  N.  C Aug.  26,  1889 

Brownsville,  Tex Sept.    2,  1889 

Fort  Brown,  Tex _ • do 


Amount. 


Huntingburg.  Ind i  Sept.    4,1889 

College  Station,  Tex !  ...do 

Grand  Junction,  Tenn _ Sept.    5,  1889 

Grief,  Tenn ! do 

Nunelly ,  Tenn _ ' do 


GalnsvillcTex Sept.   5, 1889 

Emporia,  Kans Sept.    8,  1889 

Forestburg,  Tex .J do 

Decatur.  Tex _.. Sept.  10,1889 

Gainesville,  Tex ' do 


Howe,  Tex '  Sept.  10,  1889 

Lehigh,  Ind.  T^r i  Si^pt.  11,  1889 

Indei>endence,  Kans _ ' do 

Sedan,  Kans  .1 ' do 

Washington,  Iowa Sept.  12,  1889 

Freehold,  N.J '  Sept.  12,  1889 

Moorhead,  Minn i  Sept.  13, 1889 

Caton.  S.  Dak ^ Sout.  14,  1889 

Andei-sonville,  Tenn _ Sept.  IC,  1889 

Loudon,  Tean ^ , ....| — do 


Indies. 
4.1 
4.0 
4.2 
4.5 
4.0 

5. 3 
0,6 
8.« 
•5.2 
5.0 

5.2 
4.1 
4.4 
4.6 
4.0 

4.3 
6.5 
5.2 
5.4 
4.0 

4.4 

9.0 
5.8 
4.0 
5.T 

4.1 

7.8 
5.2 
5.2 
4.8 

5.0 
7.8 
4.5 
4.0 
4.2 

5.0 
4.0 
5.2 
4.1 
5.6 

4.2 
5.0 
5.1 
7.5 
4.9 

4.1 
4.3 
4.2 
4.6 
4.2 
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Rainfalls  in  Excess  of  Four  Inches  in  a  Day— Continued. 


Locality. 


Dete. 


VmaCity.  Pla 

South  Ford.  Ky 

Gitronelle,  Ala 

Key  West.  Fla 

Mount  Vernon  Barracks,  Ala 


Jacksonville,  Fla 

LakeCitv.  Fla 

LiveOalc.  Fla 

Fort  McPherson,  Ga. 
Bolar,  Va 


Sept.  18, 1889 

...do 

Sept.  22, 1889 

.-..do 

Sept.  2.3,  1889 

Sept.  23, 1889 

...do- 

...do- 

...do 

Sept.  24,  1889 


Sept.  2i).  1889 
Oct.    20,1889 


Houma.  La 

Santa  Barbara.  Ca\ 

Birdsnest  Va Oct.    24.  1889 

Kev  Went,  Fla Nov.     9.  1889 

Charleston;  S.C Nov.  17,1889 


Amount. 


Wellsboi-o.  Pa Nov.  19,  1889 

Shelton.Conn _ _ i  Nov.  27, 1889 

Belleville,  N.  .T I...  .do 

FortPreblo.  Me i  Nov.  28,  1889 

Newburyport ,  Mass ; do 


White  Plains,  N.  Y .!  Nov.  2S,  1889 

Upper  Mattole,  Cal Dec.   10,1889 

Los  Angrcles.  Cal ;  Dec.  12,  1889  | 


4.0 
7.5 
4.0 
7.9 
4.1 

4.4 
4.2 
4.5 
4.0 
4.2 

5.3 
4.2 
4.2 
4.5 

5.8 

4.0 
4.8 
4.0 
4.3 
4.1 

5.0 
4.2 
4.3 


RIVER  DISCHARGES. 

(Extracts  fj-om  reports  of  Chief  of  Engineers.) 

Castleman's  ^ve  the  following:  results : 

Cubic  feet 
per  second. 

July  21, 1825,  at  Pleucher 18 

July  10,  1825,  below  Flaugherty 38 

July  12,  1826.  at  its  mouth 46 

March  21 ,  1826,  at  Pleucher  dam 98 

March  27, 1826,  below  Flauj^hertv  Creek 71.') 

March  21, 1820,  at  Forneys  milldam .0.36 

Castleman's  at  its  mouth  : 

July  20, 1825 40 

July20,  182G 46 

Laurel  Hill  Run  at  it^  mouth : 

July  20,  1825 7 

July  20,  1826 26 

Youghiogheny  above  the  mouth  of  Ca-^tloman's : 

July  21, 1825 70 

July20,  1S20 104 

The  above  at  low  water. 
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In  1838,  in  low  water,  Capt.  Sanders  called  the  flow  from  the  Allegheny  River 
1,333  cubic  feet  a  second,  and  from  the  Monongahela  333  cubic  feet  per  second. 
Once  in  ton  years  such  a  minimum  occurs.  * 

The  least  quantity  of  water  passing  in  the  Great  Youghiogrheny  gave  in  1824 
under  the  bridge  on  the  road  from  Mansfield  to  Morgan  town,  September  21, 22.58 
feet  in  a  second ;  the  Little  Youghiogheny,  on  September  23,  gave  at  German 
bridge  4.30  feet. 

Ohio  River  from  Pittsburg  to  Wheeling,  90  miles,  is  1,200  feet  wide.  The  dis- 
charge at  a"  low  stage  2,500  cubic  feet  per  second. 

Brounot's  Island,  2  miles  below  Pittsburg.  Capt.  Sanders,  in  1838,  found  1,661 
cubic  feet  per  second  discharges  for  this  place. 

The  discharge  of  the  Ohio  River  at  Pittsburg  is  as  follows : 


Stage. 

Cubic  feet 
per  second. 

0.00 

1,666 
3,000 
4,387 
7,274 
13,554 

0.25 

0.50 

1.00 

2.00 

The  quantity  of  water  passing  in  the  Ohio  at  Wheeling  Island  at  the  lowest 
stage  in  1868,  called  14  inches  in  the  channel,  was  3,000  cubic  feet  per  second. 

Kanawha  River. 

[Charleston  Pool,  2  miles  below  the  foot  of  Catfish  Shoal.] 


No. 

Stage  above 
low  water. 

Cross  section, 
square  feet. 

Discharge  in 

cubic  feet 

per  second. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

1.55 

2.70 

4.51 

4.70 

6.55 

7:01 

8.36 

10.89 

15. 55 

18.96 

22.11 

26.55 

32.85 

34.50 

4,182 

4,877 

5,903 

6.080 

7,370 

7,552 

8.507 

9,  939 

13,169 

15,539 

17,710 

20,  920 

25,365 

2, 492 
4,925 
8.613 

8,852 
12,  733 
13,605 
18.562 
28,798 
47,120 
58, 558 
76,851 
98, 407 
118,291 
155, 388 

The  banks  of  the  Kanawha  are  from  40  to  60  feet  above  low  water. 

The  discharge  of  the  river  at  low  water  in  1838  was  1,100  cubic  feet  i>cr  second. 
In  1858  the  low-water  discharge  was  1,350  cubic  feet. 

^    At  Bull  River  Shoals,  Kanawha  Kiver,  the  flow  was  12.58  cubic  feet  per  sec- 
ond ;  at  Havs  Bar,  8.72  cubic  feet  per  second. 

Observations  on  the  Kanawha  River  discharge  in  the  flood  of  January  16, 1878, 
gave  155,388  cubic  feet  per  second,  the  Charleston  gauge  reading  'J4.5  at  11  a.  m. 
and  34.75  at  12:45  p.  m.    The  river  reached  its  highest  point,  35.45,  at  4:30  p.  m. 

The  Elk  was  gauged  on  the  afternoon  of  the  same  day  and  the  discharge  found 
to  be  32,959  cubic  feet  per  second. 
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The  Kanawha  discharg^o  below  the  Elk  was  188,347  cubic  feet  per  liecond.  Dis- 
charges of  small  tributaries  of  Kanawha  and  James  rivet's  are  very  small.  The 
largest,  Greenbrier  Rive'*,  below  the  mouth  of  Howard  Creek,  6,650  feet  per 
second. 

1822 :  Highest  water  in  the  Kanawha  ever  known  up  to  that  time. 

1856-*57 :  Coldest  winter  ever  known  and  longest  freeze  up. 

1861 :  Disastrous  flood,  highest  water  ever  known. 


Year. 


1838 
1838 
1858 
1858 

1858 
1858 

1858 


Locality. 


Above  Charleston 

Below  Buffalo 

Below  Lykins  Shoals 

At  Buflfalo 

...do 

Below  Elk  Shoal 

...do *. 

Below  Elk  Shoal | 


Cubic  feet 
per  second. 


Remarks. 


1,350 

1,100 

1,237 

1,755 

1,350 

8,550 

14, 970 

19,080    ) 

to  21, 000  \ 


Ordinary  low  water. 
Extreme  low  water. 
Ordinary  low  water. 
Half  foot  above  low  water. 
Reduced  to  low  water. 
2.1  feet  at  head  and  2.4  at  foot. 
3.1  feet  at  head  and  3.7  at  foot. 
3.8  at  head  and  4.8  at  foot  of 
shoal. 


The  minimum  flow  of  the  Greenbrier  River  at  the  mouth  of  Howard  Creek, 
just  below  Greenbrier  Bridge,  is  97  cubic  feet  per  second;  16  miles  lower  down 
1,000  feet  per  second. 

On  the  Greenbrier  the  maximum  freshet  rise  is  about  20  feet.  It  varies  on 
different  portions  of  New  River  rai*ely  exceeding  8  feet  at  Richman  Falls ;  30 
to  35  feetj  from  Stretcher  Neck  to  Bowyer's,  or  ]>erhaps  to  Miller's  Ferry,  and 
for  a  few  miles  below  the  latter  point  40  to  50  feet.  At  the  Blue  Hole,  where 
the  river  having  fallen  62  feet  in  2  miles,  turns  at  right  angles  and  meets  a 
lighter  ^rade  there  are  signs  of  a  high  water  of  69  feet. 

The  discharge  of  New  River  when  said  to  be  at  a  low  stage,  but  not  its  lowest, 
was  found  to  be  2,000  cubic  feet  per  second. 

At  Marietta,  with  12  feet  of  water  in  channel,  the  discharge  is  35,503  cubic 
feet  per  second. 

At  Cincinnati,  7.30  on  gauge  velocity,  1.125  miles  per  hour;  24.7.'J  on  gauge 
velocity,  3.200  miles  per  hour ;  34.34  on  gauge  velocity,  4.301  miles  per  hour ; 
43.78  on  gauge  velocity,  5.843  miles  per  hour  at  the  Cincinnati  Southern  Bridge. 

Ohio  River  Discharges  At  Cincinnati. 

[Not  very  accurate.    Derived,  not  observed.] 


Stage. 

Cross  section, 
square  feet. 

Velocity 
feet  per 
second. 

Discharge 

cubic  feet  per 

second. 

0 
7.3 
24.7 
34.3 
43.8 
62.5 
71.1 

6, 526 
13,106 
29, 744 
42,226 
53, 392 
80, 475 
88,522 

1.65 
l.a5 
4.69 
6.31 
8.56 
9.99 
11.00 

10, 758 
21,615 
139,293 
266,  282 
457,104 
804,  750 
973, 500 

The  discharges  at  Cincinnati  are  derived  from  the  cross  section  for  62.5  foot 
stage,  as  given  by  the  Engineer  Board  on  site  of  Suspension  Bridge,  and  as 
based  on  the  current  velocities  up  to  the  43.8  feet  stage,  as  given  by  Board  of 
i^ogineers  on  the  Cincinnati  Southern  Railroad  Bridge. 

The  cross  sections  were  interpolated,  and  the  velocities  taken  as  proportional 
to  square  root  of  hydraulic  depth.  The  slopes  wore  considered  to  be  alike  at  all 
the  high  sts^g^es,  as  they  would  hardly  vary  enough  to  pi*oduce  a  change  of 
Telooi^. 
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At  the  railroad  bridjfe  over  tlio  Ohio  River  at  lV3llair©  the  dischargee  was 
36,261  cubic  feet  per  second  when  the  water  r^tood  at  the  H.5  marks  at  Wheehii^, 
4  miles  above.  Eight  hundred  feet  above  the  bridge  the  cross  section  was  11,105 
feot> 

The  high-water  section  at  the  bridge  site  is  74.787  square  feet,  of  whioh  6,735 
square  foot,  or  0  per  cent,  is  occupied  by  the  bridge  piers.  The  low-water  sec- 
tion is  3,425  squai'e  feet,  of  which  506.  or  15  per  cent,  is  obstructed. 

The  maximum  oscillation  at  Bellaire  is  rei)orted  as  50  feet,  compared  with 
43.5  at  Wheeling. 

The  section  of  river  900  feet  above  the  Parkersburg  bridge  at  an  8-foot  »titfe 
by  the  gauge  on  the  bridge  was  15,676  square  feet,  and  the  discharge  was  41,0^ 
cubic  feet  per  second.  The  actual  water  way  on  the  line  of  the  bridge  was  13,749 
square  feet.  The  total  high-water  section  at  the  bridge  is  114,854  square  feet, 
of  which  11,177,  or  10  per  cent,  is  obstructed.  The  low-water  section  is  7,271 
square  feet,  of  which  608  is  obstructed. 

STEUBENVILX.E  BRIDGE.— At  low  water  the  natural  section  of  the  river  is 
3,179  so uare  feet,  of  which  604  is  obstructed.  At  high  water  the  total  acction 
is  77,189  square  feet,  of  which  7,342  is  obstructed.  The  approximate  discharge 
300 feet  above  the  bridge,  9  feet  above  low  water,  is  37,858  cubic  feet  per  second. 

Suspension  bridge  at  Wheeling  destroyed  by  a  tornado  May  17,  1854.  At 
low  water  the  bridge  occupies  no  part  of  the  water  way.  At  extL*eme  high  water 
the  abutments  obstruct  6,137  square  feet,  which  is  14  per  cent  of  the  entire  sec- 
tion. 

At  the  suspension  bridge,  Cincinnati,  the  river  at  low  water  has  a,  section  of 
6,526  square  feet,  the  width  being  940  feet.  At  extreme  high  water  (1833)  the 
section  is  80,475  square  feet,  of  which  5,500,  or  OJ  per  cent,  is  obstructed,  this 
being  at  the  62.5  feet  stage. 

At  Louisville  the  total  high-water  section  of  river  at  the  bridge  is  ^6,249 
square  feet,  of  which  13,573,  or  6  per  cent,  is  obstructed.  The  low- water  section 
is  1,377  square  feet,  of  which  60  squai'e  feet  is  obstructed.  At  low  water  the  rise 
below  falls  is  3  feet  for  1  above:  when  the  depth  at  head  of  falls  is  18  feet  the 
rise  is  same  above  as  below. 

In  Licking  River  the  quantity  of  wdtar  the  river  famishes  was  meamired 
above  the  site  of  Lo(?k  No.  21  on  August  1,  1877,  at  lowest  stage  and  found  to  be 
42  cubic  feet  per  second.  Three  considerable  tributaries  enter  the  river  within 
10  miles  below  where  the  measurement  was  made,  which  are  estimated  to  furnish 
20  cubic  feet  per  second. 

The  Kentucky  River  from  its  mouth  to  the  mouth  of  Middle  Fork  is  :K8  miles 
and  falls  228  feet.  There  ai*e  locks  and  dams  in  the  lower  i>art  of  the  river.  The 
discharires  in  cubic  feet  per  second  am  as  follows: 

North  or  Main  Fork: 

Whitesburg 86 

I^atherwood  Creek 300 

Hazai-d - 700 

Ti'oulesome  Creek 1, 700 

Jackson 1, 700 

Middle  Fork 20,000 

Middle  Fork: 

Crockettsville 1, 507 

Mouth - 3,600 

South  Fork  : 

(loose  Creek 216 

Red  Bird ...- 177 

Main  stream : 

BeattYville 20,000 

Kentucky  River,  discharge  foi*  depth  of  river  25.7  fc'ct  at  Dam  No.  2  (stage  45.3 
feet),  101,930  cubic  feet  j)er  second. 

The  drainage  area  of  Givon  River  Is  about  10,0'.)j  sqnar/  miles  ;  its  gi*eatest 
length  is  175  miles  and  width  W  miles. 

On  the  Tradewater  River  the  discharge  at  low  water  at  B  >lleville  is  73.17  cubio 
feet  jxir  second,  41.15  miles  above  the  mouth:  at  Montezuma,  10.2  miles  below 
Belleville,  76.51  cubic  feet;  at  Fish  Trap,  6.62  miles  further  down,  110.45  cubio 
feet;  at  Commercial,  5..33  miles  alM)ve  the  mouth.  347.1  cul>ic  feet.  Drainage 
basin,  60  miles  bj-  20;  total  ai'ca,  827  square  miles.  The  discharge  of  the  Frenoh 
Broad  River  is  5 1 5. 107  cubic  feet  per  second. 
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CumbdrUnd  Rivor,  at  the  dam  above  Dover,  when  the  graugfe  read  1.9  Ceei,  had 
a  discharge  of  3,248  cubic  feet  i>er  second .  The  d  ischarg^e  above  Flax  Patch  Dam, 
when  the  gauee  read  2.2  feet,  was  4,971  cubic  feet  per  second,  and  the  discharge 
noar  the  middle  of  the  island,  4,810. 

Cumberland  Rivor,  at  low  water  above  Kentucky  and  Tennessee  State  line, 
8S0  cubic  feet  per  second;  above  the  mouth  of  Cancy  Fork,  1,110;  near  Nash- 
ville, 1,325. 

The  Tennessee  River  at  Chattanooga,  at  low  water,  is  1,200  feet  wide  and  8  feet 
deep.    The  current  is  2  miles  an  hour. 

Tne  fall  of  Duck  River  from  Columbia  to  mouth  is  213.5  feet,  the  distance  being 
1^  miles.  The  Tennessee  backs  water  to  Hurricane  Creek,  19  miles  up  Duck 
River.  At  2  feet  above  low  water,  a  short  distance  below  Centerville,  at  Pace 
Island,  the  discharjro  is  1,270  cubic  feet  per  second*  Below  the  mouth  of  Plnxj 
Rirer  and  Beaver  Dam  Creek  the  volume  of  water  at  mean  velocity  was  1,187 
cubic  feet  per  second,  the  river  being  1  foot  above  low  water. 

Paducah,  Ky. 


Stage. 

1 
Discharge. 

1 

Stage. 

Discharge. 

0 

10 
15 
20 
2i-) 

90,000  ■ 
1.30,000  : 
180,000 
280, 000 
380, 000  1 
1 

30 
a") 
40 
45 
50 

520, 000 
640,000 
800,000 
920,000 
1,200,000 

Discharge  measui-oments  in  cubic  feot  per  second:  At  Crow  Wing  River,  May 
13,  1882, 10,1«);  at  Sauk  Rapids,  6.3  feet  stage,  21,907;  7.2  feet  stage.  27,588:  at 


cubic  feet. 

The  Crow  Wing,  the  lai*gost  uftluent  of  the  Mississippi  above  the  Falls  of  St. 
Anthony,  drains  a  country  of  3,562  square  miles;  at  low  water  of  1874  its  discharge 
was  2,699  cubic  feet  i)er  second. 

Mississippi  Rivkr. 


Locality. 


Frenchman  Bar 

Hastings 

Foot  of  Pi'cscott  Island 

Hastings  Bar 

W^abasha 


Stage. 

1 

DischarsTo 
in  cubic  feet 
JXH"  second. 

5.  S 

4.  5 
:           4.  .3 

4.  .> 

1 

20, 091 
15,3.32 
32,  001 
15,510 
45,  209 

St.  Croix,  7  miles  alx)ve  Taylor  Falls,  1882,  maxirnum  of  year,  35,775:  low- 
water,  2,52t3.  Mississippi  River,  above  I'okegama  Falls,  drainage  area  3.298 
square  miles. 

Discharge  of  the  Mississippi  River  at  St.  Paul. 


Gauge  reading. 


3.0 
5.0 
7.0 
Q.0 
11.0 

ia.0 

15.0 


Cubic'  ftvt  I 
l)erscc'md. ' 

10,000 
1."),  (KM) 
22,  tHM) 
3.3,  (MK) 
45.  (MH) 
(M),  (Nh) 
77, 000 


Oauge  reading. 


I  Cubit?  feet 
\\xv  second. 


1(U,  000 

113,000 

H,218 

4.  295 

4«,  512 

3.  COO 


\ 
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At  a  stage  3.21  above  low  water  the  discharges  of  the  Mississippi  River  are: 


Prescott. 
Winona . 
Clayton . 
Hannibal 


Cubic 
feet  per 
second. 


8,598 
17, 712 
22,816 
42,600 


Drainage 

area, 

square 

miles. 


33, 719 

55, 474 

74,865 

129,635 


Prescott,  below  the 

Minnesota  and  St. 

Croix  rivers. 

1 

Winona,  below  the 
Chippewa  River,    i 

1 

! 

Clayton,  below  the 
Wisconsin  River. 

i 

Stage. 

Discharge. 

Stage. 

Discharge. 

Stage. 

Discharge. 

178 
182 
186 
190 

8,000 
22,000 
42,000 
78,000 

434 
438 
442 
446' 

10,000 

35,000 

67,000 

114,000 

2 

6 

i         10 

14 

i         18 

1 

27,000 

58,000 

102,000 

147,000 

180,000 

Total  area  drained  by  the  Wisconsin  River,  11,850  square  miles;  low-water  dis- 
charge, 4,790  cubic  feet  per  second.  Low-water  discharge  Wisconsin  River,  cubio 
feet  per  second  per  square  mile  drained,  0.628. 

Discharge  at  Skinners  Bluff  on  Wisconsin  at  highest  water,  about  10  feet  is 
estimated  to  be  61,200  cubic  feet  per  second. 

The  low- water  discharge  at  Burlington,  Iowa,  October  23, 1866,  was  36,100,  aver- 
age low  water.  The  low- water  discharge  in  1864  must  have  been  about  31,913 
cubic  feet  per  second,  or  at  least  not  less  than  30,000.  The  average  area  of  cross 
section  at  ordinary  low  water  is  17,550  square  feet,  mean  surface  velocity  2.88  feet 
per  second;  mean  velocity  2.304  gives  a  discharge  of  40,435  cubic  feet  per  second. 

Hannibal  below  the  Des  Moines  River. 


Stage. 

Discharge. 

72 
76 
80 
84 
88 

18,000 

58,000 

110,000 

178,000 

266,000 

The  discharge  of  the  Des  Moines  River  April  29,  1867,  was  35,000  cubic  feet 
per  second,  when  stage  was  2.5  feet  below  hign  water  of  April  24, 1867,  on  which 
dav  the  discharge  was  not  less  than  42,000  cubic  feet  per  second. 

The  high  water  of  the  Des  Moines  in  1851  could  not  have  been  less  than  55,000 
cubic  feet  per  second,  its  height  being  7.5  feet  above  the  level  of  April  24,  1867. 
On  April  27,  1867,  a  rise  of  1  foot  corresponded  to  an  increase  in  the  discharge 
of  the  Mississippi  of  about  10,000  cubic  feet  per  second.  No  great  rise  can  occur 
in  the  Des  Moines  without  a  corresponding  one  in  the  Mississippi.  The  Des 
Moines  drains  12,600  square  miles.  The  area  of  the  vallevs  of  the  other  tribu- 
taries of  the  Mississippi  in  the  same  latitude  is  about  40,000  square  miles,  and 
the  country  above  would  probably  contribute  as  much  more  water  contempora- 
neous with  it.  The  Des  Moines  can  never  form  more  than  one-sLxth  of  any  con- 
siderable flood  in  the  Mississippi. 
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At  Keokuk,  April  27, 1867,  wh^n  the  river  stood  on  the  gauge  18.35  feet,  the 
discharge  was  185,000  cubic  feet  per  second.  On  April  24,  stage  15.3,  the  dis- 
charge was  probably  215,000  cubic  feet  per  second.  It  is  estimated  that  the  high 
water  at  Keokuk  in  1851  was  265,000  cubic  feet  per  second. 

Grafton,  Below  the  Illinois  River. 


Stage. 

Discharges. 

Stage. 

Discharges. 

14 
18 
22 

27,000 

72,000 

126,000 

26 
30 
U 

189,000 
270, 000 
3.54,000 

Illinois  River  Discharges. 


Place. 


Willow  Island 
Copper  Creek. 
Spring  Lake  . 
Frederick  — 

Lagrange 

Naples 

Bedford 


Discharge. 


Cubic  feci, 
2,788 
2, 50t) 
2. 527 

2,  'm 

9,  746 

10, 366 

9,134 


The  low-water  discharge  of  the  Illinois  River  is  less  than  2,000  cubic  feet  }>er 
second.  The  mean  discharge  of  the  Upper  Mississippi  is  105,000  cubic  feet  per 
second,  and  of  the  Missouri,  120,000. 

The  liock  River  at  its  lowest  known  stage,  October  11,  1870,  was  discharging 
2,446  cubic  feet  per  second. 

At  St.  Louis,  August  4, 1865,  stage  12.7  feet  above  the  lowest  water,  the  dis- 
charge was  211,073  cubic  feet  per  second ;  on  October  24.  with  sta;go  of  19.67  feet 
above  low  water,  it  was  384,075  cubic  feet  per  second,  in  May,  18i2,  with  8ta«?c 
20.4  feet  and  river  falling,  the  discharge  was  314,859  cubic  feet,  with  mean  veloc- 
ity of  4.49  feet  and  area  70,124  square  feet;  May  16  and  17,  when  the  gauge  read 
21.8  feet  above  low  water  of  1863,  the  river  falling  at  the  time,  the  discharge  was 
368,747  cubic  feet  per  second,  with  a  mean  velocity  of  5.005  feet  i)er  second  and 
area  of  73,664  square  feet. 

The  flood  of  1858  carried  700,000  cubic  feet  per  second  past  St.  Louis. 

The  flood  discharge  at  Quincy  (chief  engineer  of  bridge)  is  466,740  cubic  feet 


No  destruction  in  flood  of  1841.  The  high  water  of  1844  endured  the  greater 
part  of  June  and  the  early  part  of  July.  Such  a  flood  as  that  of  1844  may  never 
again  occur  on  account  of  the  progress  of  agriculture. 

Slopeat  St.  Louis  in  4.489  miles  at  stages  from  18  to  36  below  city  directrix,  aver- 
age of  0.517  feet  per  mile. 

Feet  per  mile. 

30  below 0.700 

ao  to  32  below 0.724 

32  to  34  below 0.695 

34  to  36  below 0.737 

Low-water  width  at  St.  Louis,  1,520  feet;  at  high  water,  2,000  feet.  Great 
floods  in  latter  part  qf  June.  Maximum  velocity  at  3  feet  bcdow  the  surface  varies 
from  4  feet  per  second  at  the  lowest  stage  to  12i  feet  at  highest  stage,  that  of 

Section  at  low  water  in  narrowest  part  of  channel  of  St.  Louis  Harbor,  24,971 
tquare  feet.    At  Pittsburg  coal  dike,  just  below  the  bridge,  it  Is  2S,3»&, 
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At  St.  Louits,  at  0.45  of  a  foot  above  standard  low  water,  or  4.45  above  that  of 
1863,  December,  1880,  the  discharge  was  found  to  be  47,800  cubic  feet  per  second. 

St.  LoutB  Below  the  Missouri  Riv^r. 


BtAge. 

Discharge. 

Stage. 

Discharge. 

24 

96,000 

40 

414,000 

26 

126,000 

42 

480,000 

28 

156,000 

44 

546. 000 

30 

186,000 

46 

636,000 

32 

222,000 

48 

740,000 

34 

264,000 

50 

864,000 

36 

306,000 

55 

1,200,000 

38 

360,000 

Note.— Subtract  about  14  feet  to  give  stages  on  present  £:auge. 

r 

1882,  Columbus,  Ky.,  21  Miles  Below  Cairo. 


Stage. 

Discharge. 

Stage. 

Discharge. 

67  (Low  water.) 
68 
70 
72 
74 
76 
-78 
80 
82 
84 

179,000 
208,000 
237,000 
281,000 
309,000 
368, 000 
42(i,000 
484,000 
542,000 

86 

88 

90 

92 

94 

96 

98 
100 
102 
103  (High  water.) 

643,000 

701,000 

793,000 

846,000 

933, 000 

1,064,000 

1,136,000 

1, 353, 000 

1,585,000 

1884-'85,  Point  Pleasant,  Mo.,  79.5  Miles  Below  Cairo,  8.7  Miles  Below 

New  Madrid. 

[Gauge  readings  at  New  Madrid.] 


Stage. 

Discharge. 

StAge. 

Discharge. 

4.0 

8.3 

12.8 

17.5 

165,600 
236, 800 
391, 700 
502,900 

19.9 
22.4 
24.1 
26.5 

613, 000 
712,000 
766, 700 
842.000 

1888-'89,  New  Madrid,  Mo. 


6.9 

217,000 

17.0 

444,000 

8.9 

260,000 

19.8 

559, 000 

9.6 

275,000 

2L0 

595,000 

10.8 

302,000 

09  0 

646,000 

12.1 

326,000 

24.1 

692,000 

13.4 

355, 000 

25.6 

761,000 

15.0 

383,000 
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1890,  BEHibw  New  Madrid. 


Stage. 

Discharge. 

Stage. 

Discharge. 

36.6 

1, 329, 000 

1882,  Fulton,  Tenn.,  54.6  Miles  Above  Me^iphis. 


6.8 

9.5 

11.6 

13.6 

15.6 

17.6 

19.5 

21.4 

169,000 

23.7 

229,000 

25.8 

283,000 

27.3 

335,000 

29.5 

398,000 

31.4 

461,000 

33.5 

520,000 

35.5 

590,000 

36.7 

678,000 

764,000 

824,000 

921,000 

1,011,000 

1, 113, 000 

1, 217, 000 

1, 282, 000 


1882,  Memphis,  Tenn. 


3.5 

152,000 

21.6 

647,000 
715,000 

5.5 

193,000 

23.6 

7.9 

249,000 

25.3 

776,000 

10.0 

297,000 

27.4 

858,000 

12.3 

360,000 

29.4 

939,000 

15.5 

451,000 

31.4 

1,022,000 

17.5 

508,000 

33.4 

1,113,000 

19.5 

573,000 

35.2 

1, 188, 000 

1890,  Memphis,  Tenn. 


35.5 

1, 345, 000 

1882,  Helena,  Ark. 


8 

160,000 

32 

692,000 

12 

216,000 

36 

818,000 

16 

300,000 

40 

972,000 

20 

384,000 

44 

1, 280, 000 

24 

468,000 

48 

1,  700, 000 

28 

580,000 

1884~'85,  Helena,  Ark. 


7.2 

168,000 

26.9 

605,400 

10.9 

226,400 

31.9 

712,900 

14.1 

273, 600 

36.9 

826, 400 

17.6 

363,700 

38.7 

918, 500 

20.7 

428,000 

40.5 

1, 020,  700 

24.0 

513,800 

» 

t.  ..     1^  '.' 
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188?  -80,  HEi-ENrt.  Ark. 


stage. 

Difk.'hargG. 

Stage. 

DiBcharge, 

»,(, 

239,001) 

27.0 

fl2fl.  500 

12.0 

2RW.  («.l 

2S.T 

(an.  000 

15.3 

:u-'  on} 

■zn.:. 

HK-.,  tX)0 

lfi.4 

37;.  'KKt 

■MA 

758,000 

19.7 

4.'>0,0l)0 

;ii.2 

774,000 

S4.3 

B03,0(H1 

.■i2.3 

800.000 

■"■' 

G2IJ,  im 

1890,  Helena.  Ark. 


47.4     l,ol7,i)00  )! 


l88*-'85.  Arkansas  City,  Ark. 


■7.4 

231,400 

^7 

719.500 

8.8 

243,000 

.^^.6 

«it2,400 

12^,8 

:i20, 700 

37.3 

(180.000 

;R).o 

1,(14.5,000 

18.4 

411,  son 

40.3 

1,117,000 

20.3 

4,i7,ono 

41.7 

1,004,000 

fl:i7. 100 

r,  Arkansas  City,  Ark. 


ISSe,  Arkansas  City,  Ark. 


2.i.5 
27.8 
29.3 

.■t9«,OOo! 
532.000 
.->87. 000  ,, 
608,000  ,i 

.10.7 
32.8 
34.9 

63.5,000 
699,000 
850.000 

1883-'85, 1887-'B0,  Wilson'8  POINT. 
[L&he  Providence  gaueo  reading!.] 
30,000  to  50,000  feet  la  discharged  over  banks. 


40.5 


1,242,000 


1,000 


Sklpwith  break,  April  5, 1S90,  83,000  cubic  loet  per  seoond. 
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!,  Hay's  Landing,  Miss.,  36  Miles  Above  Vicksudhq. 


SUse. 

Discharge 

Stage. 

Diecharge. 

6 

230.000 

24 

000,000 

8 

2G0, 000 

800,000 

10 

300.  WH) 

28 

730,000 

12 

;f(0.  (100 

;io 

8111.000 

U 

3(10,000 

32 

910.000 

IB 

410.  M} 

34 

1110.000 

18 

470,000 

3« 

1H:0.000 

20 

4S0.I)00 

930.000 

22 

530,000 

1884-'85,  WAftRErJTOM.  Miss..  7,4  MILES  Below  Vicksbuhq. 


3.6 

209. 000  , 

31.0 

SSC,600 

2:)7.-'00   . 

34.3  1 

9^7,000 

12.7 

4lO,rtOO 

;iti.  9 

1,150,000 

19.6 

53,900  ', 

41.4 

1,0(KJ.OOO 

1890.    Warrenton,  Miss, 

[Vlcksburg  Eause] 


47.7 

1,355,000 

1 

i 

188! 

.    Red  River  Landing. 

12 

275,000 

32  1      740, 000 

IQ 

3fi5,000 

3li  1      901,000 

415,  000 

40  1  1,100,000 

24 

500,000 

44  j  1,205,0<XI 

63.K000 

4S     1,550,000 

1884^ 

"85.    Red  River  Landing, 

8,0 

230,000  '■      37.2 

971,000 

10.0 

263, 900  l|      39. 1 

1,047.000 

Xii.  UK)  il      39. 7 

1.072,000 

16,0 

3.T0,r,ij0  j       40.  .5 

1.120.800 

19.6 

44«,800         41.7 

1. 134. 000 

22.9 

521.800          42.0 

1,171,000 

38.8 

624, 700         42. 1 

1,171,300 

32.9 

826,100 

1891 

.    Red  River  L.-lnding. 

47.5 

1,466,000 

230 
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1884-*85.    Discharge  in  Old  River,  near  Red  River  Landing,  La. 


Stage. 

1 
1 

Discharge.; 

1 

Stage. 

Discharge. 

15.3 
19.7 
2L6 
24.7 
28.3 

5,000 
14,000 
15,500 
40,000 
66,800 
i 

*41.5 
*44.6 
*48. 4 
*37.7 

16,800 
76,000 
30.000 
99,100 

•Discharge  depends  on  whether  there  18  a  cnrrent  and  whether  water  comes  from  the  MUslfl- 
slppi  River.    These  discharges  are  approximate. 

The  zero  of  the  gauge  at  Barbre^s  Landing  on  the  Atchafalaya  Is  2.9  feet  ajx>ve 
sea  level. 

The  zero  of  the  Red  River  Landing  gauge  on  the  MisslBsippi  River  is  2.6  feet 
above  the  sea  level. 

The  inclination  of  water  surface  determines  whether  the  Red  River  is  running 
into  the  Mississippi  or  the  Mississippi  into  the  Atchafalaya. 

1890.  •  St.  Francis  Basin. 

[Discharges  through  railroad  trestles.] 


Railroads. 

Date. 

Velocity  per 
second. 

Discharge. 

Kansas  City,  Springfield  and  Memphis. 
St.  Louis,  Iron  Mountain  and  Southern. 
Little  Rock  and  Memphis . 

Mar.   17-19 
Mar.  21-22 
Apr.       1-3 

FeeL 
1.84 
1.16 
2.18 

Cubic  fcfft. 
4«7, 500 
578,800 
501,200 

1890. 


Locality. 


Plum  Point  Reach 

Natchez 

Siramesport,  La 

Baton  Rou<^o,  La 

Donaldsonville,  in  Bayou  La  Pourcho 
Carrollton,  La 


Stage. 


Discharge. 


30.3 

1,018,000 

30.9 

1, 077. 000 

31.7 

1,129,000 

32.1 

1,170,000 

46.7 

1,396,000 

44.5 

481,000 

35.3 

1,331,000 

23.6 

32,000 

15.9 

1, 286, 000 

1885.    Head  of  Atchafalaya  River. 

[Barbre  8  Landing  gauge  readings  -f  1.1  feet.] 


Stage. 

Discharge. 

Stage. 

i 
1 

Discharge. 

31.1 
33. 1 

37.  () 

106,700 
129. 200 
l.")l,100 

1 

40.7 
42.7 

1 

1 
( 

1 

178. 200 
203, 400 
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Atchafalaya. 

[Dafbre's  Landing  gauge  readings.] 


Stage. 

Discharge. 

■ 

Stage. 

Disoharge. 

10.1 
14.1 
17.7 
21.2 
25.5 
29.0 
32.4 

19,104 
28,800 
33,900 
48,200 
71.300 
79,500 
104,400 

'      39.0 
40.0 
43.6 
48.2 
49.5 
60.8 

1 

1 

* 

136,000 
160,000 
180,000 
200,000 
240,800 
280,600 

(51  feet  is  liigbest  gauge  reading.) 

1884.  Carrollton,  La.,  Sk  miles  above  New  Orleans.^ 


0.5 

262,900 

9.9 

803,100 

LO 

258,900  ; 

11.2 

860,000 

2.1 

320.000 

11.9 

885,000 

3.1 

339,000  i 

12.2 

927, 700 

4.1 

450,000  i 

13.0 

974, 800 

5.0 

486, 000 

13.2 

999,  800 

9.1 

736,400  : 

i 

13.4 

1,041,700 

1882.-  Carrollton,  La. 

[Readings  from  Engineer  gauge,  8}  miles  above  Signal  Service  gauge  at  Canal  and  Rampart 

Htreets.J 


2 

310,000 

10 

700,000 

3 

350,  000 

11 

755, 000 

4 

380, 000 

12 

800,000 

5 

430,  000 

13 

850, 000 

6 

490,000 

14 

925, 000 

7 

545, 000 

15 

1,025,000 

8 

600,000 

K) 

1,100.000 

9 

650,  (X)() 

Red  River  Discharges  at  Alexandria,  1884. 

[Measurements  said  to  be  not  satisfactory.] 


-2.2 

2, 500 

11).  1 

78.000 

—0.4 

5.000  ' 

22. 1 

100,800 

3.7 

15,900  , 

2.').  4 

120,  8(J0 

6. 25 

25,200 

30.  3 

137,300 

14.2 

34, 000 

34.  0 

14H,  100 

[16.5 

56,000] 

r 

1 

1 
1 

1 

The  Red  River  raft  creating  lakes,  if  cleared,  it  is  feared  by  some,  the  water 
which  goes  to  form  lakes  would  then  inundate  the  banks  below,  etc.  Of  this 
Lieut.  E.  V.  Woodruff  says: 

"Thlflla  a  favorite  theory  with  some  8ol?nti(i(*  jjentlemen,  who  form  theories 
with  grreat  facility  at  long  range.  It  has  been  sui)i)orted  by  some  who  ought  to 
know  better  if  they  know  that  a  crooked  line  is  longer  than  a  alra\g\\l  \m^  V^m* 
ing  two  points." 
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The  lakes  are  reservoirs  only  up  to  a  certain  stage  of  water.  At  a  higher  stage 
they  are  an  immense  cut-ofT  through  which  the  freshets  hurry  oflf  their  volume 
to  the  danger  of  the  banks  below. 

At  Camden,  on  the  Ouachita,  the  amount  of  water  passing  at  low  water  is  353 
cubic  feet  per  second.  At  Monroe,  on  the  Ouachita,  for  a  stage  10  to  12  inches 
above  the  lowest,  the  dischargee  was  800  cubic  feet  per  second.  The  low-water 
summer  discharge  at  Camden  is  about  400  cubic  feet  per  second. 

For  lowest  water  at  St.  Charles,  the  area  of  cross  section  of  Missouri  River,  is 
4,705  square  feet,  with  a  mean  velocity  of  4.165  feet  per  second,  and  the  discharge 
19,596  cubic  feet  per  second. 

The  Kansas  River  between  Wamego  and  St.  Marys  showed  a  discharge  of  2,500 
cubic  feet  per  second,  the  stage  being  0.4  of  a  foot  above  low  water.  The  range 
between  high  and  low  water  at  Wamego  Is  15.7  feet;  at  St.  Marys,  15.8;  at  To- 
peka,  14.3;  the  highest  water  was  in  1877.  Kansas  City  is  1.5  nodles  above  the 
mouth  of  the  river.  The  discharge  of  Kaw  River,  8,400  feet  above  its  mouth  at 
Kansas  City,  varies  from  1,914  cubic  feet  per  second  to  12,345  for  a  range  in  stage 
of  6.7  feet. 

The  discharge  of  the  Missouri  River  at  Stubbs  Ferry  for  a  stage  of  +0.5  was 
determined  to  be  3,770  cubic  feet  per  second.  The  discharge  just  below  the 
mouth  of  Sun  River  for  a  stage  of  3.05  feet  was  19,425  cubic  feet  per  second.  The 
three  tributaries  of  any  consquence  below  Stubbs  Ferry  are  i>earbom  River, 
Deep  Creek,  and  Sun  River. 

At  high-water  stage  of  the  Missouri  River  the  discharge  of  the  Dearborn  was 
622  cubic  feet  per  second;  for  a  stage  in  the  Missouri  of  2.75  feet  the  discharge  of 
Deep  Creek  was  1,800.5  cubic  feet  x>er  second,  and  for  a  stage  of  3.05  feet  in  the 
Missouri  the  discharge  of  Sun  River  was  4.269.5. 

The  volume  of  water  in  the  Yellowstone  is  greater  than  in  the  Missouri;  near 
Fort  Keogh,  for  a  stage  of  +0.24  foot  it  is  6;014.85  feet. 


Sioux  City,  Iowa. 


Missouri 

Commission 

gauge. 

Signal  service 
gauge. 

Discharge. 

667.4 
670.3 
673.6 
675.8 
677.4 

3.6 

6.5 

9.7 

12.0 

13.6 

18,700 

46.400 

93;  200 

137, 400 

196,700 

Omaha. 


551.3 
554.0 
556.0 
557.7 

5.7 

8.4 

10.4 

12.1 

14,600 

46,500 

113,500 

135,300 

Nebraska  City. 


496.6 

21,600 

41,000 

72,600 

123,500 

201,600 

239,600 

498.6 
500.9 
502.8 
504.9 
605.2 
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St.  Joseph,  Mo. 


Missouri 

Commission 

gauge. 

Signal  service 
gauge. 

Discharge. 

386.2 

4.8 

39,900 

Atchison,  Kans. 


356.4 
358.4 
360.8 
363.8 
367.9 
368.8 

• 

22,000 

37,200 

61.000 

100,600 

186,000 

223,700 

t 

Kaw  River,  Kansas  City,  Mo. 


•    Kan.««a8  City 
gauge. 

""'^"gL^T""'  ^'^-^^-s-' 

308.9 
312.8 
315.4 

2. 500 

0,700 

!          12,300 

Kansas  City,  Mo. 


308.9 
310.8 
313.0 
315. 7 
,  318. 3 
320.2 
321.9 
•    325.0 
327.0 

4.9 
6.8 
9.0 
11.7 
14.3 
16.2 
17.9 
21.0 
23.0 

38,400 
53,100 
80,300 
121.600 
1(15, 300 
200,900 
261,600 
322, 100 
370, 000 

St.  Charles,  Mo. 


Stage. 

Discharge. 

Stage. 

Discharge. 

6.0 

8.0 

10.0 

12.0 

13.9 

1 

25, 500 
40,200 
55,000 
67,400 
96,200 

16.0 
18.0 
20.3 
23.3 

123, 700 
152,400 
211,500 
290,800 

The  ratio  of  mean  velocity  to  maximum  in  a  river  is  about  0.90. 

The  resistance  of  a  sphere  to  motion  through  water  as  compared  with  a  circle 
of  same  diameter  is  only  0.35;  at  2  to  12  feet  a  second,  the  ratio  is  0.325  and  0.359, 
mean  0.342. 

St.  Marie  River  discharges  89,855  cubic  feet  per  second. 

Mean  disohMve  of  St.  Clair  River,  1868,  216,435  cubic  feet ;  in  1869  It  wu  2UV)^- 
ai2  ottbio  feet. 
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June 
cubic 
cubic  feet  i^er  second. 


At  Ogdensburg  the  velocity  of  St.  Lawrence  River  is  1.2884  feet  per  second, 
discharge  272,095  cubic  feet  ]>ev  second,  area  of  cross  secUon  211,090  square  feet. 
Point  of  maximum  velocity  In  a  river  is  at  a  third  to  a  fifth  of  the  depth. 
The  mean  velocity  is  0.87  of  the  mid-depth  velocity. 


Equivalent  Cubic  Feet  per  Second  and  Cubic  Miles  per  Day. 


Cubic  feet 

Cubic  miles; 

Cubic  feet  Cubic  miles 

per  second. 

per  day.*   • 

per  second. 
1,000,000 

per  day.* 

100,000 

0.0587  ! 

0. 5809 

200,000 

0.1174 

1, 100, 000 

0.tU56 

300,000 

0. 1761 

1, 200. 000 

0.  7043 

400,000 

0. 2348  1 

1,  300, 000 

0.7630 

500,000 

0.2935 

1,400,000 

0.8217 

600,000 

0. 3522  i 

1, 5(X),  000 

0.8804 

700,000 

0.4109 

1,  600, 000 

0. 9,391 

800,000 

0.4696  1 

1,700.000 

0.9978 

900.000 

0.5283  ' 

1 

■ 

•  One  cubic  mile  in  a  month  of  thirty  days  corresponds  to  a  discharge  of  60,790  cubic  feet  JMT 
second. 

Equivalent -Feet  per  Second  and  Miles  per  Hour. 


Feet  per 
second. 


1 
2 

3 
4 

5  I 


Miles 
per  hour. 

0. 6818 

1.  3636 

2.0454 
o  7070 

msm     9  ms  9  mm 

3.  4090 


Feet  per 
second. 

() 

*m 
1 

8 

9 

10 


Miles 
per  hour. 


4.0908 
4. 7726 
5. 4544 
6. 1362 
6. 8180 


MISCELLANEOUS  INFORMATION  ABOUT  THE  MISSISSIPPI  RIVER. 

The  name  given  by  P^re  Marquette  to  the  Mississippi  was  Riviere  de  la  Con- 
ception. Michi-sipl  is  Indian  for  **  great  water."  The  river  was  called  liio  del 
Espiritu  Santo  by  the  Spaniards  along  the  lower  course  in  the  year  1520  or  there- 
about. 

Levees  were  begun  at  Now  Orleans  in  1720 ;  in  1763  there  were  20  miles  of 
levee  above  and  30  miles  below  the  city.  By  1828  the  I'iver  was  leveed  up  as  far 
as  Tied  liiver.  Above  Red  River  they  were  disconnected  and  unlinished  as  far 
as  Napoleon.  In  1844  they  were  continuous  to  Napoleon,  and  there  were  many 
isolated  levees  on  the  Yazoo  front. 

The  act  of  September,  1850,  granting  swamp  land  to  States  for  drainage  and 
reclamation  gave  great  impetus  to  levee  building,  so  that  by  1858  it  i*eached  its 
greatest  extension.  In  that  year  they  were  complete  from  Commerce  to  the  St. 
S'rancis.  except  about  25  miles,  and  from  St.  Francis  to  Cypi^ess  Creek,  except 
about  57  miles  around  the  mouths  of  White  and  Ai'kansas  rivers. 

Under  the  Congressional  grant  of  1850  of  swamp  lands  to  States  for  reclama- 
tion a  3-foot  levee  ^as  built  following  all  the  windings  of  the  river  along  the  St 
Francis  front.    This  was  totally  destroyed  by  the  floods  of  1858  and  1862. 

In  1853  Cubit  Gap  opening  oc»curreil;  there  was  a  :i-foot  8ioj>e  in  1,000  feet. 
Shreve's  cutrOlT  in  1831  severed  from  the  Mississip])!  the  bend  in  which  the  Red 
River  discharged  and  from  which  the  Atchufalayu  was  supplied.  Prior  to  this 
the  navigation  was  impaired  (V)  by  back  water  from  the  Mississippi,  which  occar 
sionally  extended  to  Alexandria  and  to  Monroe,  on  the  Washita. 


BEPOBT   OP   THE   CHIEF  SIGNAL   OFFICER. 


235 


"  The  average  mean  width  of  river  from  8  miles  below  Cairo  to  Rod  River 
Landings  754  miles  at  bank-full  stage,  is  4,642.0  feet;  the  depth  is  43.84  feet; 
the  area  of  croBs  section  of  river  is  2^,532  square  feet ;  the  reservoir  capacity  is 
5.519  cubic  miles. 

'*  The  average  mean  width  of  river  from  Red  River  Landing^  to  Head  of  Passes, 
296  miles  at  bank-full  stage,  is  2784.8  feet ;  i.he  depth  is  66.92  feet ;  the  area  of 
oroea  section  of  river  is  186,359  square  feet ;  the  reservoir  capacity  is  1.978  cubic 
miles.  Water  stages  for  the  above  are  :  Memphis,  31.1  feet ;  Helena,  43.6  feet ; 
Arkansas  City,  41.8  feet;  Vicksburg,  44.1;  Red  River  Landing, /6.3 ;  Baton 
Rouge,  33.0;  Carrollton,  9.2."  (Extract  from  letter  of  April  10, 18»9,  Engineer 
Commission.) 

Bayou  Plaquemine  was  closed  in  the  autumn  of  1865,  increasing  the  flood  dis- 
charge of  the  Mississippi  below  its  mouth  by  about  35,000  cubic  feet  per  second. 

Abbot:  Flood  of  18y8,  to  restrain  it  in  channel,  would  require  levees  6.5  feet 
higher  at  Memphis,  8  feet  higher  at  Osceola. 

The  rises  and  falls  are  extremely  uniform  in  the  Upper  Mississippi  River  all 
along,  being  16  to  22  feet,  slightly  greater  in  the  narrow  parts ;  it  increases 
towards  the  junction  with  the  Missouri  and  Illinois.  The  low-water  velocity  is 
1  mile  per  hour ;  the  high,  3  miles.  The  high-water  flow  of  the  Upper  Missis- 
sippi River  is  10  to  15  times  that  of  low  water.  From  Donaldsonville  to  Head  of 
Passes  the  river  width  changed  from  2,244  feet  in  1851  to  2,310  in  1885,  an  increase 
of  66  feet. 

There  are  railroad  bridges  across  the  Mississippi  at  Winona,  La  Crosse,  Prairie 
du  Chien,,  Dubuque,  Clinton,  Rock  Island,  Burlington,  Keokuk,  Quincy,  Hanni- 
bal, and  Louisiana.  Mo. 

Humphreys  and  Abbot  cross  section,  Cairo  to  ArkansasRiver,  high  water, 
191,000  square  feet ;  Arkansas  River  to  Red  River,  199,000.  At  low  water,  45,000 
and  54,000.  The  width,  Cairo  to  Arkansas,  is  4,470  feet,  and  at  low  water,  3,400. 
Width,  Arkansas  to  Red  River,  4,080;  at  low  water,  3,060. 

At  Columbus,  Ky.,  June  17,  1858,  the  highest  mean  velocity  of  a  cross  section 
was  11.1  feet  per  second. 

The  radius  of  concave  bands  is  rarely  less  than  a  mile,  and  that  of  a  long  bend 
if  usuallv  2  miles,  sometimes  rising  to  3  miles  for  bends  of  180^. 

The  discharge  in  1862  into  alluvial  region  was  less  than  in  1858,  probably  short 
of  it  by  50,000  cubic  feet  per  second. 

(Tho  Mississippi  just  above  Cairo,  lowest  water  discharge,  39,192  cubic  feet  per 
second.)    (V) 

The  volume  of  the  Atchafalaya  is  one-twelfth  of  that  of  the  Mississippi  where 
they  separate.  The  slope  of  the  former  is  0.5  foot  per  mile,  of  the  Mississippi  is 
0.167. 

The  volume  of  South  Pass  is  one-fourth  that  of  Southwest  Pass. 

The  influence  of  the  Gulf  on  the  river  at  high  stages  is  hardly  felt  above  the 
mouth  of  the  Red  River.  The  Red  River  and  the  Raccourci  cutroff  in  1851  low- 
ered the  river  4.6  feet ;  it  was  not  felt  at  all  100  miles  above. 

Spring  Tides. 


Locality. 


At  the  Gulf : 

At  the  forts,  36  miles  above 

At  Carrollton,  120  miles  above 

At  Donaldsonville,  192  miles  above. 
At  Baton  Rouge.  244  miles  above  . . 
At  Red  River,  315  miles  above 


Flood 
stages. 


Feet, 
1.7 
0.6 
1.3 
0.0 


Low 
stages. 


Feet, 
1.7 
1.4 
1.1 
0.9 
0.4 
0.0 


Chutes  are  high-water  channels  across  low  elongated  points. 

The  water  level  below  a  cut-off  is  raised  by  an  amount  equal  to  half  the  fall  in 
a  straight  portion  equal  in  length  to  the  shortening  of  the  channel,  and  is  low- 
ered Just  aoove  it  by  an  equal  amount  plus  the  fall  rt^iuired  to  overcome  tho  re- 
aistanoe  due  to  the  curvature  of  the  bend. 

Oki  the  MLssissippi,  banks  are  deteriorated  where  sand^^  by  infiltration  of  water 
atjiigb  stages,  wfjch  in  running  out  at  low  stages  carries  the  sand  wllh  il« 
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MISSISSIPPI  RIVER  FLOOD  OF  1867. 

The  southern  part  of  the  Ohio  Valley  had  an  unusual  downfall  of  snow  and  rain  In 
the  winter  of  18oi5-'67.  A  sudden  thaw  gave  moderate  floods  in  the  Allegheny 
and  Monongahela  rivers  and  a  great  flood  in  the  Wabash,  second  only  to  that  of 
1858.  At  Louisville,  February  22,  within  8  feet  of  high  water  of  1832.  At  Casey- 
ville,  below  the  mouth  of  the  Wabash,  it  was  0.5  of  a  foot,  on  March  1,  above 
high  water  of  1832,  the  greatest  on  record.  At  St.  Louis  the  river  began  rising 
February  13;  on  the  2l8t  it  was  24.4  feet  on  gauge. 

In  March* there  was  a  widespread  series  of  rain  storms  from  the  headwaters 
of  the  Washita  and  White  rivers  to  the  northeast  as  far  as  West  Virginia,  and 
a  perfect  deluge  at  the  head  of  the  Tennessee  River,  in  the  mountains.  At  ChAttar 
nooga,  on  March  11, 1867,  the  stage  was  53  feet.  At  Cincinnati  there  was  a  long- 
continued  high  sta^e  beyond  precedent  (at  that  time). 

For  a  given  stage  there  is  more  water  passing  when  a  river  is  rising  than  when 
it  is  falling. 

There  is  more  water  passing  for  a  given  stage  in  a  long  and  slow  rise  than 
a  short  and  rapid  one ;  not  always,  however,  as  it  depends  on  stages  above  and 
below.  The  maximum  discharge  occurs  for  a  stage  a  few  inches  below  highest 
stage. 

When  a  freshet  culminates  and  the  water  comes  to  a^^stand  or  begins  to  fall,  and 
a  second  rise  occurs,  it  will  cause  the  surface  to  rise  considerably  higher  than 
would  have  been  the  case  had  the  same  volume  passed  without  a  previous  dimi- 
nution of  supply. 

There  was  no  overflow  into  the  St.  Francis  between  Cape  Girardeau  and  Cairo 
in  1867.  In  1858,  at  date  of  maximum  discharge  at  Cairo,  35,000  cubic  feet  per 
second  was  passed  through  Cape  Girardeau  Inlet  and  20,000  cubic  feet  over  the 
banks  between  Commerce  Bluffs  and  Cairo,  giving  a  total  maximimi  discharge 
into  the  alluvial  region  of  1,475,000  cubic  feet  per  second,  or  55,000  more  than  In 
1867. 

The  simultaneous  breaking  of  several  immense  levees  below  Helena  lowered 
the  water  anomalously  3.2  feet  (1858). 

The  St.  Francis  in  1858  was  contributing  30,000  cubic  feet  of  rain  water  to  the 
Mississippi  at  the  time  when  the  great  wave,  if  restrained  to  the  channel,  would 
have  passed. 

The  volume  of  water  absorbed  in  1867  in  filling  bed  of  river  between  Cairo  and 
Helena  was  186,000  cubic  feet  per  second. 

At  the  date  of  the  highest  water  at  Napoleon,  April  30,  the  Arkansas  was 
checked  for  a  distance  of  53  miles  above  its  mouth  by  backwater  from  the  Mis- 
sissippi. 

There  was  a  moderate  freshet  in  the  Arkansas,  and  especially  the  White  River, 
in  March,  1867.  In  1858  the  maximimi  flood  wave  would  have  received  60,000 
cubic  feet  from  these  two  tributaries  if  confined  to  channel,  making  its  volume 
197,000  cubic  feet  larger  than  the  actual  maximum  discharge. 

In  1858  the  Yazoo  at  Vicksburg  would  have  contributed  30,000  cubic  feet  per 
second. 

The  total  discharge  at  New  Orleans  November  1, 1864,  to  October  31, 1865,  was 
20,788,000,000,000  cubic  feet,  much  less  than  in  great  floods,  which  is  usually 
27,000,000,000,000.  The  1865  flood  was  mucn  less  than  that  of  1867.  In  1862 
there  was  a  great  flood,  but  imperfect  records ;  it  compared  with  the  traditional 
overflows  of  1815  and  1828. 

May  2, 1862,  there  was  extreme  high  water  at  Cairo ;  a  crest  stage  at  Cincin- 
nati April  26  was  52.2  feet.  There  was  a  high  stage  in  the  Cumberland  in  the 
spring  and  a  destructive  overflow  in  the  Wabash  in  February ;  April  26,  at  St. 
Louis  it  was  31.3  feet. 

The  St.  Francis  on  the  west  is  bounded  by  Crowley  Ridge,  an  elliptical  sec- 
tion 200  miles  long  by  35  miles  wide,  extending  from  mouth  of  river  to  Cai)e  Gi- 
rardeau, 6,900  square  miles;  600  square  miles  is  entirely  above  overflow;  the  rest 
is  submerged  in  great  flood  years  to  a  depth  of  3  feet;  the  slope  north  to  south  is 
8  inches  to  the  mile  and  from  east  to  west  is  6  inches;  it  is  crossed  by  low  ridges 
extending  westward. 

The  St.  Francis  bottom  differs  from  the  Yazoo;  in  the  latter  water  once  leaving 
the  river  commonly  returns  in  to  it  through  the  Yazoo  River  near  its  mouth .  The 
water  from  St.  Francis  bottoms  returns  to  the  Mississippi  through  the  following 
bayous:  James,  near  Island  8;  St  John,  at  Now  Meadow;  Walker's,  near  Island 
15;  Mill,  opi)osite  Island  30;  Wappenoky,  near  Island  40,  and  a  bayou  near  Island 
46.  Thei*e  is  an  immense  discharge  in  great  floods  from  the  St.  Francis  over 
the  banks  on  each  side  of  its  mouth,  extending  from  Helena  te  Walnut  Bend: 
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Nearly  all  the  overflow  above  New  Madrid,  in  an  area  of  1,.'>00  square  miles,  is 
returned  to  the  river  by  the  hig^h  ridjre  called  Big  Prairie,  which,  extending  north 
from  that  town,  is  followed  by  th^  river.  From  mouth  of  St.  Francis  to  New 
Madrid  is  170  mUes. 

The  combined  rain  and  crevasse  discharge  from  the  Yazoo,  which  raised  the 
Miflfldssippi  at  Vicksburg  3  feet  during  the  last  three  weeks  of  April,  must  at  its 
maximum  have  equaled  110,000  cubic  feet  per  second;  20,000  from  crevasses,  the 
rest  drainage.    (Speculative.) 

In  1858  the  Yazoo  contribution  at  the  top  of  the  Mississippi  flood  measured 
was  129,000  cubic  feet  per  second,  of  which  only  30,000  was  rain  water.  The  maxi- 
mum rain-water  discnargo  of  the  Yazoo  in  its  great  April  rise  of  1858  was  70,000 
cubic  feet  per  second. 

Great  floods  in  Red  River  in  1849,  18.51,  and  1858.  At  Alexandria  it  rose 
steadily  to  23.4  feet  between  February  1  and  April  4,  continuing  until  May  12, 
the  highest  1.6  below  highest  of  1866. 

The  greatest  flood  that  ever  occurred  in  the  Washita  was  in  1874. 

In  iSl  the  united  maximum  discharges  of  these  rivers.  Red,  Washita,  and 
tributaries,  measured  220,000  cubic  feet  per  second,  and  in  1858, 180,000;  no  cre- 
vasse water  included  in  either  case. 

The  maximum  volume  discharged  into  the  head  of  the  alluvial  region  in  the 
flood  of  1874  was  about  1,225,000  cubic  feet  per  second. 

In  1874  the  White  and  Arkansas,  it  is  estimated,  at  the  highest,  discharged 
130,000  cubic  feet  per  second. 

The  gauge  at  Vicksburg  in  1874  showqd  that  the  actual  volume  that  reached 
the  mouth  of  the  Yazoo  by  the  bed  of  the  Mississippi  River  was  at  no  time 
flrreater  than  1,000,000  cubic  feet  per  second.  The  crevasse  discharge  between 
Vicksburg  and  Helena  was  290,000  cubic  feet  per  second,  the  greater  part  in  Car- 
roll Parish,  La. 

Mississippi  River  Discharge,  1882. 


Plaoe. 

Maximum 

cubic  feet 

per  second. 

Amount 

outside 

channel. 

Columbus 

1,600,000 
1,200,000 
1,540,000 
1,060,000 
1,600,000 

200,000 
600,000 
360,000 
940,000 
600,000 

Fulton 

Helena 

EEay^s  Landing 

Red  River  Landing 

The  estimated  increased  heights  of  levees  in  1882  to  restrain  water  was  10  feet 
at  Hay*8  Landing,  4  at  Helena,  3  at  Columbus,  and  10  feet  at  Fulton,  Tenn.  (Gen. 
Comstock).  Mississippi  River  diKf'harge  at  latitude  of  Helena,  maximum  1890 
flood,  1.617,000cubic  feet  par  second;  2:il,000  less  than  in  1882.  At  Arkansas  City , 
1,724,000  on  April  13,  1890;  in  1882  about  2,000,000.  At  mouth  of  Red  River, 
2,031,587  May  7,  1890;  in  1882,  2,200,000. 

"In  the  flood  of  1884,  for  52  feet  staofc  at  Cairo,  200  square  miles  in  southern 
Illinois  was  covered:  north  of  Cairo  to  Mound  Junction,  9  miles,  and  east  and  west 
to  highlands  in  Missouri  and  Kentucky,  22  miles.  From  Cairo  for  30  miles  south 
the  average  width  of  overflow  was  20  miles."    (Signal  Service  observer,  Cairo.) 

Bank-pull  Stage  of  River  ox  Gauge,  1890. 


Locality. 

Stage. 

Locality. 

Stage. 

Cairo 

39.3 
94.0 

axi 

3L1 ; 

43.6 

White  River 

44.4 

41.8 

44.1 

33.0 

8.9 

Columbus  (21  miles  be- 
low Cairo) 

Arkansas  City 

Vioksburir    -  - 

New  Madrid 

Baton  Roucre 

Memphis 

Carroll  ton     . 

Helena 
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High  Water  at  Alexandria. 


Feel. 


1849 

.-.-      35.4 

1866 

....      36.5 

1872 

.-_.      33.2 

High  Water, 

Baton  Rouge. 

Year. 

stage. 

Year. 

Stage. 

1828.... 
1844...- 
1849.... 
1850.... 
1851--.. 

34.7 
33.9 
34.9 
34.5 
34.5 

1858-.. . 
1859-.. . 
1862.... 

1874..,. 

34.5 
35.0 
36.1 
36.2 

High  water,  Helena,  Ark. 


1828 

43.1 

1858 

44.6 

1844 

42.2 

1862 

46.4 

1849 

42.8 

1867 

45.8 

1850 

42.8 

1874 

45.8 

High  water,  Jacksonport,  Ark. 


1867. 
1874. 
1876. 


Feet. 
32.8 
31.1 
31.7 


High  water,  Little  Rock,  Ark. 


1857, 

1874. 


31.0 
23.0 


High  water,  Memphis,  Tenn. 


Date. 

Stage. 

Date. 

Stage. 

1828 

32.9 

1852 

33.0 

1844 

33.2 

1858 

34.2 

1849 

30.9 

1859 

34.1 

1850 

33.6 

•   1867 

34.8 

1851 

33.2 

1874 

34.0 

High  water,  Nashville,  Tenn. 


1847 


54.7 


Natchez,  Miss.— See  Report  of  Chief  of  Engineers,  1876,  Part  1,  p.  613,  for 
2oD£^  record  of  high  waters  since  1802. 
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High  water,  Vicksburg,  Miss. 

[Old  gauge.] 


Date. 

stage. 

Date. 

* 

Stage. 

Qoqooo 

47.7 
47.5 
47.7 

1850 
ia58 
1859 

48.4 
48.3 
49.6 

[New  gauged 


1862 

51.1 

1867 

49.0 

1872-1889. 


Locality. 


Cairo 

Fultonl 

Memphis 

Helena 

White  River 

Arkansas  City 

Greenville 

Lake  Providence .  - 

Vicksburg 

Natehez 

Red  River  Landing 

Baton  Rouge 

Carrollton 


Mean 

high 

water. 


44.34 
33.04 
32,52 
42.81 
45. 53 
44.09 
39.48 
36. 55 
42.90 
42.20 
41. 92 
31.73 
13.28 


Lowest 
water. 


—1.00 
+1.60 
—0.95 
—0.20 


+0.30 
+1.8:') 
—3. 85 
—3.92 


Highest 
water. 


52.17 
36.69 
35. 30 
48.10 
48.40 
47.00 
(41.68)? 
38.40 
49.00 
47. 75 
48.50 
36.20 
15.70 


Range, 

highest 

and  mean 

high. 


7.83 
3.65 
2.78 
5.29 
3.07 
2.91 
2.20 
1.85 
6.10 
5. 55 
6.58 
4.47 
2.42 


Average 
number 
days 
above 
mean 
high. 


14 


21 
18 
17 


24 
25 
29 
25 
26 
26 
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MISSISSIPPI  RIVER. 

The  distance  along  the  Mississippi  River  from  Lake  Itasca  to  the  mouth  of  the 
Missouri  River  is  1,324  miles.  The  distance  of  the  most  important  tributariee 
from  the  mouth  of  the  Missouri  River  and  the  lengths  of  some  of  them  are 
follows: 


Tributaries. 


Distance 

from      j  Length.: 
Missouri. 


Turtle  River 

Leech  Lake  River . 

Wash-kudensRiver 

Wild  Swan  River 

Sandy  lake  River. 

Willow  River 

Pine  River 

Crow  Wing  River 

Nokay  River 

Belle  Prairie  Creek 

Elk  Creek 

Pike  Creek 

Two  Rivers 

Swan  River 

Spunk  River 

Platte  River 

Little  Rock  Creek- 
Watab  and  Winne- 
bago rivers 

Lower  Watab 

Sauk  River 

Nechoado  River . . 
Clear  WaterRiver. 


1,180 
1,109 
1, 055 
998 
900 
930 
8«3 
815 
806 
796 
782 
787 

i  I  I 

786 
773 
771 
760 

757 
754 
V  752 
744 
736 


Mks. 
'40 
50 


140 


Tributaries. 


Distance 

from 
Missouri. 


Elk  or  St.  Francis - 

Crow  River 

Rum  River 

Rice  River 

St.  Peters  River.. 
St.  Croix  River. _ - 
Vermilion  River.  . 

Cannon  River 

Chippewa  River.. 
Embarras  River . . 

White  River 

Black  and  La  Crosse 

Root  River 

Upper  Iowa  River. 
Wisconsin  River. . . 

Turkey  River 

Wabsipinicon  River 

Rock  River 

Cedar  River 

Skunk  River 

Des  Moines 

Illinois  River 


3iUe8. 
705 
699 
690 
683 
663 
631 
630 
611 
581 
562 
560 
516 
511 
489 
448 
425 

:«o 

291 
245 
205 
l<i5 
24 


h&ngih. 


JMUea. 
100 


150 


168 


82 
165 


128 
83 


338 


205 
245 
255 


402 
397 


»^T' 
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Areas  of  Basins  Drained  by  the  Tributaries  of  the  Mississippi  River 

FROM  THK  Source  to  the  Ohio  River. 

[Authority,  U.  S.  En^incor's  Report  1872,  Part  2,  p.  0S4.] 


Upper  Mississippi,  above  the  I  Jinnesota 

Miniiesota  River — 

Whetstone,  or  Izuza  River 

Yellow  Banks  River — 

Pomme  deTerre  River -_ 

Lac  Qui  Parle  River - 

Chippewa  River _ 

Yellow  Medicine  River - 

Chetomba,  or  Hemp  Creek 

Redwood  River — 

£(eaver  Creek 

Big  Cottonwood  River _ 

Little  Cotton  wood  River 

Blue  E^th  River 

Cheney  Creek 

Little  Le  Sueur  River 

Rush  River 

Hi£^h  Island  Creek 

Sand  Creek 

Carver  Creek 

Credit  River 

Nine  Milo  Creek 

Mississippi  River 

St.  Croix  River  and  Lake 

Vermilion  River 

Trimble  River 

Cannon  River , 

Isabella  River 

Rush  River 

Chippewa  River 

Beei  River 

Zumtro  River 

Whitewater  River 

Ea^le  River 

Rolling  Stone  Creek 

Tremp'.'leau  River 

Black  River 

La  Crop  River 

Root  River 

Raccoon  Creek 

Crooked  Creek 

Bad  Axe  River 

Upper  Iowa  Ri ver 

PamtCi-eek 

Yellow  River 

Wisconsin  River 

Turkey  River 

Grant  Kiver 

Platte  River 

Little  Makoqueta  River 

Catfish  Creek 

Big  Menominee  Creek 

Sinsinana  Creek 

Tetode  Mort  Creek 

Fever  River 

MUl  Creek 

Makoqueta  River 

Apple  River 

Bull  Creek 

WAM  91— VOL  IV 16 


Drained. 


Sq.  miUs. 


310 
110 
340 
i)GO 
830 
1,970 
(ioO 
470 
770 
240 
1>80 
24,5 

3,  ;jr)0 

57 
114 
102 

lO 

234 

100 

140 

42 

21,  GOO 

7,  r>68 

237 

95 

1,639 

73 

183 

9, 002 

452 

1,.366 

382 

158 

136 

700 

2,880 

463 

1,685 

139 

70 

180 

939 

70 

279 

11,850 

1,679 

2K9 

.306 

150 

ii> 

32 

50 

45 

185 

;J5 

1,K.36 

245 

85 


Total 
drained. 


Sq.  miles, 

19,903 

310 

420 

760 

1,720 

2, 550 

4, 520 

5, 170 

5,640 

6,410 

6,650 

7,630 

7.875 

11,225 

11,282 

11,486 

11,528 

11,603 

11,837 

11,937 

12, 077 

12,119 

33,719 

41,287 

41.524 

41,619 

43, 258 

43, 331 

43, 514 

53, 116 

53, 568 

54, 939 

55, 316 

55. 474 

55,610 

56, 310 

59, 190 

59, 653 

61,338 

61,477 

61,547 

61, 727 

62,666 

62, 736 

6,3, 015 

74,865 

76,544 

76, 83,3 


"^7, 1,39 


I  i 


5  I 


77. 289 
77, 364 
77,  ,369 
77, 446 
77, 491 
77. 676 
77,711 
79,  .574 
79,819  X 


Distance 
apart. 


Miles. 


30 

6 

13 

15 

10 

20 

1 

20 

2 

37 

4 

16 

15 

7 

2 

6 

18 

1 

15 

o 

w 

9 

30 

3 

9 

5 

5 

4 

18 

9 

9 

1 

0 

6 

10 

18 


,3 

7 

3 

25 

4 

7 

21 

13 

6 

3 

I 

4 
4 
1 
3 


4 

7 
K 
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Areas  op  Basins  Drained  by  the  Tributaries  op  the  Mississippi  Rives 
FROM  the  Source  to  the  Ohio  River— Continued. 

[Authority.  U.  S.  Engineer *N  Report  1872,  Part  8,  p.  924. J 


Dralnod. 


Plumb  River — . 

Wabsipinicon  Rivi  jr. 

Rock  River - 

Copperas  Creek 

Iowa  River - . 

Edwards  River 

Pope  Creek 

Henderson  River 

Flint  Creek 

Ellison  Creek 

Honey  Creek — . 

Skunk  River ^_. 

Sugar  River -  - . 

Des  Moines  River  _ . . 

Fox  River -.. 

Bear  Creek - . . 

Wyaconda  Creek 

Fabins  River 

North  River 

Mill  Creek 

McDonald  Creek 

Salt  River 

Noix  Creek 

Buffalo  Creek 

Bobb  Creek 

Guinn  Creek 


Bryant  Creek 

Cuivre  Creek 

Pirogue  Creek 

Dardenne  Creek 

Illinois  River 

Big  Piasa  Crcek 

Missouri  River 

Wood  River 

Cahokia  Creek 

Meramcc  River 

Eagle  Creek 

Platin  Creek 

Lisle  de  Bois  Creek  . 
Establishment  River 
Riviere  aux  Vases. . . 

Saline  River 

Kaskaskia  River 

St.  Marys  River 

Brazos  Creek 

Big  Muddy  River  _ . . 

Apple  Creek 

Clear  Creek 

Ohio  River 


Sq,  miles, 

280 

2,490 

10, 690 

25 

12,250 

43 

135 

625 

165 

104 

65 

4,322 

150 

14,955 

479 

418 

480 

1,590 

465 

96 

140 

2,741 

52 

40 

90 

25 

75 

1,180 

90 

110 

27,465 

100 

518,000 

145 

400 

3,715 

70 

110 

50 

no 

100 

240 
5,  (H)0 

215 

40 

2, 245 

200 

i:i;> 


Total 
drained. 


Sq.  miles. 
80,1S4 
82,674 
93,364 
93,389 
105,639 
105,682 
105, 817 
106,442 
106,607 
106,711 
106, 776 
111,098 
111,248 
126,203 
126,682 
127,100 
127,580 
129, 170 
129,635 
129, 731 
129, 871 
132,612 
132,664 
i:^,704 
132, 794 
132, 819 
132, 894 
134,074 
134,164 
134, 274 
161,739 
161, 839 
679, 839 
679, 984 
(»80,  :W4 
684,099 
684,169 
084. 279 
(i84, 329 
(>«4,  439 
(m.  5;J9 
684, 779 
61K),  439 
iVM\  (r>4 

61M1,  rnu 

092, 939 
693, 139 
693, 274 


Distance 
apart. 


Miks. 


6 

28 

25 

26 

15 

2 

4 

18 

4 

3 

5 

1 

18 

32 

4 

15 

5 

13 

2 

3 

13 

18 

3 

1 

13 

o 

«rf 

19 
9 
3 
G 
8 
10 
10 


17 

18 

7 

5 

U 

4 

12 

7 

4 

24 

1 
18 
42 


Note. — The  reix)rt  of  18S0  makes  a  difference  of  1.697  square  miles  in  the  area 
of  the  Upper  Mississippi  above  the  Minnesota. 

"  The  average  rainfall  for  sixteen  years  equals  25  inches  a  vear  in  the  Upper 
Mississippi  Valley."    (Extract  from  tl.  S.  Engineer's  Report,  1875,  p,  435.) 

Cap  I^ke  is  135  miles  below  L.ake  Itasca  and  1,318  feet  above  the  sea.  Area. 
31,0  SQuarc  miles.    From  Cass  Lake  to  Winnibigoshish,  about  20  miletf  fall  10 
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feet,  surface  area  76i  square  miles.  Little  Winnibigoshish,  2  miles  below,  area 
about  1.13  square  miles,  distanoe  to  Leech  River  25  miles,  fall  11.1  feet.  From 
the  junction  to  Pokeofama  Falls  45  miles,  fall  13f  feet.  Surface  area  of  Leech 
L4Lke,  195  square  miles.  Fall  at  Pokegama  Falls,  14  feet  in  880  feet;  area  of 
Pokegama  Lake,  151  square  miles.  Vermilion  Kiver  is  25  miles  above  Poke- 
gama  Falls. 

Above  the  Pokegama  Falls  the  whole  country  is,  in  a  certain  sense,  a  reservoir. 
There  are  no  freshets. 

The  drainage  basin  above  St.  Paul  is  33,719  square  miles.  Below,  to  the  Illi- 
nois River,  25  miles  above  the  mouth  of  the  Ml8«)uri,  there  is  52,399  square  miles 
of  drainage  area  on  the  right  bank,  and  48,156  on  the  left  bank. 

Proscott  18  at  the  junction  of  the  St.  Croix  River  with  the  Mississippi ;  range 
of  water  surtaoe,  22  feet. 

The  high-water  width  of  river  at  St.  Louis  is  6  miles ;  low  water,  1,500  feet. 

The  Ilhnois  River  is  formed  by  the  junction  of  the  Dos  Plaines  and  Kankakee 
rivers.    It  drains  27,4(S5  square  miles. 

A  short  distance  below  Cape  Girardeau  the  blufTs  along  the  river  recede,  and 
a  depression  about  4  miles  in  length  allows  the  water  in  floods  to  escape  into  the 
swamps. 

The  valley  above  Grand  Tower  is  from  3  to  8  miles  wide  and  mostly  subject  to 
flood.    The  area  drained  by  the  St.  Francis  is  about  9,700  square  miles. 

The  Yazoo  Basin  is  13,850  square  miles.  There  is  a  ridge  separating  the  Yazoo 
and  Talli^atchee  from  the  Sunflower  River,  supposed  to  be  a  continuation  of 
Crowley's  Ridge  in  the  St.  Francis  Basin.  The  area  of  this  belt  of  high  land  is 
310  square  miles.  * 

The  Coldwater,  Tallahatchee,  and  Yazoo  are  continuations  of  the  same  river. 
The  Tallahatchee  joins  with  the  Yallabusha,  about  5  miles  above  Greenwood,  to 
form  the  Yazoo,  which  enters  the  Mississippi  about  9  miles  above  Vicksburg. 
From  Yazoo  City  to  mouth  of  river  is  100  miles. 

Along  the  St.  Francis  there  are  many  bayous,  from  6  to  12  feet  below  the  top  of 
the  bank,  that  draw  off  water  from  the  ^lisslssippi  River.  It  is  very  different 
in  the  Yazoo  Basin.  The  flood  waters  enter  the  bottom  over  the  bank  in  but 
two  places,  at  and  above  Star  Landing  for  a  distance  of  9,300  feet,  and  opposite 
Ittland  64  for  a  distance  of  3,300  feet. 

RIVERS  ABOVE  PITTSBURG. 

Buffalo  Creek,  west  bank  of  Allegheny  River,  comes  into  the  Allegheny  River 
just  below  Freeport  and  drains  an  area  of  150  square  miles. 

The  gauging  of  French  Creek  in  1839  by  James  Warrall,  civil  engineer,  gave 
370  cubic  feet  per  second  at  low  water,  but  not  the  lowest.  French  Creek  empties 
into  the  Allegheny  River  130  miles  above  Pittsburg  level,  261  above  the  river  at 
Pittsburg. 

Oil  Creek  above  French  Creek  drains  an  area  of  270  square  miles. 

Broken  Straw  Crock  drains  240  square  miles. 

Connewango  Creek,  entering  the  Allegheny  at  Warren,  drains  960  square 
miles,  including  Chautauqua  Lake. 

EAST  BANK  OF  ALLEGHENY  RIVER. 

Just  above  Freeport  the  Kiskiminitas,  over  100  miles  long,  enters.  At  Johns- 
town is  the  junction  of  the  Connemaugh  River  and  Stoney  Creek.  The  Cone- 
maugh  above  Johnstown  drains  an  area  of  200  square  miles"  and  Stoney  Creek  an 
area  of  450. 

Below  Blairsville  the  princi})al  tributary  of  the  Kiskiminitas  is  the  Loyal- 
hanna,  draining  about  300  square  miles. 

Black  Lick  Creek,  entering  the  Kiskiminitas  l);)low  Blairsville,  drains  some- 
what less  than  300  square  miles. 

The  next  above  is  Crooked  Creek,  draining  an  area  of  280  square  miles,  enter- 
ing a  few  miles  below  Kittanning.    It  has  a  ra])id  fall  and  the  valley  is  narrow. 

The  next  is  Cowanshanoo  ('reek,  entoiing  a  short  distance  above  Kittanning. 
It  does  not  drain  over  75  square  miles. 

The  next  above  is  Mahoning,  which  drains  4<)0  square  miles. 

The  next  is  Red  Bank,  draining  6r)U  square  miles. 

The  next  is  Clarion  River,  which  drains  about  1.400  s(iuure  miles. 

The  next  is  the  Tionesta,  entering  about  30  miles  above  Franklin.  With  its 
Baoooon  Fork  it  drains  about  500  square  miles. 
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The  next  is  Kenjua  Creek,  draining  200  sauare  miles. 

The  last  tributary  of  the  Allegheny  on  tne  east  side  is  Potato  Creek,  which 
drains  about  150  square  miles. 

The  Allegheny  m  low  water  has  twelve  times  the  flow  of  the  Monongahela 
River.  The  Monongahela  River  is  formed  a  short  distance  above  Fairmont  by 
the  junction  of  Tygart  Valley  River  and  the  West  Fork  of  the  Monongahela 
River.  Tygart  Valley  River  drains  an  area  of  1,390  square  miles.  The  prin- 
cipal tributaries  of  the  Monongahela  are  the  Youghiogheny  and  the  Cheat. 

DiSTAN'CES  FROM  PiTTSBURO. 


To— 

Miles. 

To— 

Miles. 

Lock  No.  4 ...... 

41.0 
29.6 
57.0 
85.5 
90.5 

Morgan  town  Bridge. 

Fairmont  Bridge 

Grafton .. ......_ 

102.2 
128.0 
150.0 
130.0 
187.7 

Freenort - . 

Brownsville  . 

Greensboro .- 

Oil  City 

Cheat  River 

Warren .---. 

Miscellaneous  Information  Concerning  the  Ohio  River. 

The  Ohio  River  drains  an  area  of  220,000  square  miles  (201,720  bv  census  bul- 
letin). The  Allegheny  is  navigable  to  Olean,  239  miles  above  Pittsburg,  and 
Hie  Monongahela  115  miles. 

An  old  saying  about  the  Ohio  River,  **  Dry  half  of  the  year ;  frozen  the  other 
hall,"  is  not  justified. 

With  a  40-foot  stage  at  Cincinnati  there  is  12  to  14  feet  on  the  falls  at  Louis- 
ville. The  river  usually  curves,  but  at  Sardis  there  is  a  straight  reach  of  16 
miles. 

There  are  54  islands  on  the  Upper  Ohio  and  31  on  the  lower,  each  several  miles 
long  and  half  a  mile  wide.  The  Ohio  usually  freeze^  about  Christmas.  In  1855 
it  was  frozen  at  Louisville  sixty-five  days,  the  longest  time  ever  known. 

At  high  water  in  the  Ohio  River  the  backwater  up  the  Mississippi  River  ex- 
tends to  Conmierce,  37.5  miles  above  the  mouth  of  the  Ohio. 

Tributaries  op  the  Ohio  River. 


Name. 


Little  Beaver 
Beaver  River 


Big  Muskingum 

Little  Kanawha 

Big  Hockhocking 

Shade  River 

Big  Kanawha 

RiKXMX)n  Creek 

Guyandotte 

Big  Sandy 

Big  Scioto 

Littie  Miami 

Licking 

Big  Miami 

Kentucky 

Salt  River 

Green  River 

Wabash 

ASaline  River 

Tradewater  River 


Right. 
...do.. 


...do.. 
Left  .. 
Right. 
...do.. 
Left-. 
Right. 
Left  .. 
...do.. 
Right. 
...do.. 
...do.. 
...do.. 
Left.. 
...do.. 
..-do.. 
Right. 
...do-. 
Left., 


Distance 

from 
Pittsburg. 


Miles. 
40 
26 

171 

183.5 

197. 5 

208.75 

263 

274.5 

""316"" 
357 
463 
470 
490 
552 
638 
809 
870 
893 
899 


Remarks. 


Glasgow  at  mouth. 
Continues  to  Lake  Erie  by  canal, 
Beaver  and  Rochester  at  mouth. 
Marietta  at  mouth. 
Parkersburg  at  mouth. 
Hocking  Port  at  mouth. 

Point  Pleasant  at  mouth. 

Guyandotte  at  mouth. 
Catlettsburg  at  mouth. 
Portsmouth  at  mouth. 


Dayton  80  miles  up. 
Carrollton,  Ky.,  at  mouth. 
West  Point  at  mouth. 

Lafayette  400  miles  up. 
Logansport  465  miles  up. 
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Tributaries  op  the  Ohio  River— Coi^tlnued. 


Name. 


Cumberland  River  . . . 


Tennessee  River 


I 


Side. 


Distance 

from 
Pittsburg. 


...do  . 


..do 


Miles, 
952.5 


965.5 


Remarks. 


Smithland  at  the  mouth,  Nashville 
200  miles  up :  navigable  500  miles 
further  u]). 

Paducah  at  mouth;  navigable  700 N 
miles.  Four  hundred  miles  from 
mouth  are  the  Muscle  Shoals  ex- 
tending 18  miles.  At  extreme 
high'water  5  feet  on  shoals,  28 
mfles  below  Decatur. 


The  Great  Kanawha  is  formed  by  the  union  of  the  New  River,  the  Greenbrier, 
and  the  Gau]^y.    Kanawha  Falls  is  d4  miles  above  the  mouth. 

The  Elk  River  is  the  next  important  tributary,  draining  1,600  square  miles. 

(On  the  Ist  of  August,  1882,  the  gauge  readings  at  Charleston  were  complete 
for  ten  years.) 

Tbe  dtUe  Kanawha  with  its  tributaries  drains  an  area  of  3,200  square  miles. 
From  Parkersburg  to  the  Forks  is  152  miles.  Backwater  from  the  Ohio  has  been 
known  to  extend  to  Burning  Springs,  38  miles  above  Parkersburg. 

The  Muskingum  drains  an  area  of  12,000  square  miles 

At  the  Louisville  Falls  the  declivity  in  the  Ohio  River  is  25.7  feet  in  4  miles. 
The  entire  length  of  the  Ohio  is  967  miles. 

Widths. 


Place. 


Allegheny  City 

Two  miles  above  Wheeling 

Parkersburg 

Little  Guyandotte 

Portsmouth 

Cincinnati 

Six  miles  above  Louisville 

New  Albany , 

Flint  Island 

Evansville 

Five  miles  below  Shawneetown 

Paducah 

Mound  City 


Distance 

from 
Pittsburg. 


Width. 


Miles, 
2 
88 
183 
285 
353  j 
467 
592  1 
003  I 
682 
782 
852 
920 
959 


Feet. 
1,100 
900 
1,200 
1,200 
1,050 
1,100 
2,500 
1,50«J 
2,700 
3,000 
2,300 
3, 500 
4,000 


Flood  op  1832  Heiohts  above  Low  Water. 


Locality. 


Height. 


Pittsburg 

Steubenville 

Wheeling 

Bellaire 

Parkersburg 

LetartPklls. \ 


Feet, 
35.6 
45.0 
4.3.5 
50.0 
50.0 
58.0 


Locality. 


Helffht. 


L 


Gallipolis 

Cincinnati 

Louisville 

New  Albany  ._. 
Paducah  (1867). 
Cairo  (1867).... 


1 


Feet, 
54 
62. 5 
44.5 
6:^.6 
52.25 
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Wa>>ash  River,  18G7,  only  one  important  rise.  At  Eugene,  Ind.,  350  miles  above 
the  mouth,  the  high  water  of  1858  was  28  foot  above  low  water.  It  was  1  foot 
above  that  of  1828  and  1844,  4  feet  abore  18.")1,  and  2  feet  above  that  of  1867.  Dup- 
ing the  thirty-four  years,  1833  to  1860,  six  crops  have  been  lost  by  overflows.  In 
1862  the  high  water  occurred  in  February  ana  was  very  destructive.  At  Terre 
Haute  the  high  water  of  1867  was  1.3  feet  below  the  hign  water  of  1858,  the  high- 
est on  record,  culminating. on  February  21  with  the  river  25.3  feet  above  fow 
water.  The  rise  began  February  9.  At  Vincennes  the  river  was  out  of  its  banks 
from  February  19  to  March  2,  being  highest  on  February  22  and  23,  when  it  was 
0.5  bt  a  foot  higher  than  ever  before,  2o  feet  above  low  water. 

Carthage,  Tenn.,  1867  high  water  ^ras  7  feet  below  1826,  4  feet  below  1847. 1 
foot  below  1862,  and  was  40  feet  above  low  water.  The  rise  began  February  25, 
culminated  March  9  to  12,  subsided  8  feet  and  again  swelled. 

At  Nashville  the  stage  was  0.8  foot  below  high  water  of  1847.  On  Harpeth 
Shoals,  30  miles  below,  the  flood  stood  64  feet.  At  Eddyville  1.2  feet  above  nigh 
water  of  1847. 

Tennessee  River,  the  flood  exceeded  all  for  ninety  years  previous.  Great  rain 
in  the  mountains,  continuous  at  Kingsport  on  the  Holston  from  February  28  to 
March  7.  At  noon,  March  7,  the  stage  of  water  was  30  feet,  4  feet  higher  than 
ever  before.    At  Strawberry  Plains  the  freshet  rose  52  feet  above  low  water  and 

11  feet  above  any  other  flood.  At  KnoxviUe  the  river  rose  12  feet  above  high- 
water  mark  of  1847  and  was  over  60  feet  deep.  Near  Harrison  the  rise  was  15 
feet  above  any  known  water  mark. 

At  Chattanooga,  March  11, 1867,  the  stage  was  53  feet;  it  bec'an  rising  March 
4  and  was  15.5  feet  above  high  water  of  1847.    At  Bridgeport,  ^a.,  late  on  Maroh 

12  it  was  11.5  feet  above  all  former  marks ;  at  Bcllefonte,  Ala.,  March  13,  it  was 
9.1  feet  above  1847 ;  at  Decatur,  March  16, 6  or  7  feet  above  any  former  mark;  at 
Florence  March  15,  6  feet  above  all  other  floods ;  at  Eastport,  7  feet  above  any 
known  flood ;  at  Johnson ville  3.8  feet  above  any  known  flood  and  44.8  feet  above 
low  water. 

De^ruction  of  life  and  property  was  beyond  parallel  in  Tennessee  Valley. 

The  mouth  of  the  Wabash  River  is  129  miles  above  the  mouth  of  tie  Ohio 
River.  Mount  Carmel  is  90  miles  above  the  mouth  of  the  Wabash.  Vincennes 
is  148  miles  above  the  mouth.  The  principal  tributaries  are  the  White  and  Eel 
rivers.  The  White  River  enters  2  miles  above  Mount  Cannel.  The  Eel  River 
enters  at  Logansport,  Ind. 

The  Big  Sandy  and  its  branches  drain  an  area  of  4,600  square  miles. 

Guyandotte  River  rises  in  the  Cumberland  Mountains,  and  comes  into  the  Ohio 
about  12  miles  above  the  mouth  of  the  Big  Sandy  and  164  miles  above  Cincin- 
nati. The  drainage  basin  is  heavily  wooded.  A  notable  feature  of  the  river  ia 
the  absence  of  all  tributaries,  exce])t  in  a  rainy  season,  from  the  mouth  of  Mud 
River  to  a  point  40  miles  above  JjOgan  Court-House,  81  miles  above  the  mouth  of 
the  stream. 

The  Clinch  River  drains  1,3,36  square  miles.  From  mouth  of  Hiawaseee  River 
to  Charleston,  Tenn.,  is  47  miles.  Elk  River  enters  the  Tennessee  at  Muscle 
Shoals. 

The  drainage  area  of  the  Cumberland  River,  above  the  Great  Falls,  is  about 
2,500  square  miles. 

The  principal  tributaries  of  the  Cumberland  are  the  Red  and  Obey  rivers, 
and  Caney  and  South  Forks.  The  Red  River  is  the  principal  tributary  below 
Nashville.  South  Fork  enters  the  Cumberland  at  Burnside,  209  miles  above  Car- 
thage. It  is  formed  by  the  confluence  of  New  River  and  Clear  Fork,  about  52 
miles  above  Burnside.'  The  highest  water  is  74.5  feet. 

The  Tradewater  River,  coming  into  the  Ohio  just  bolow  Caseyville,  has  a 
drainage  basin  60  miles  in  length  by  20  in  breadth,  with  an  area  of  827  squai*e 
miles. 
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Alabama  River. 


Locality. 


Wetumpka 

South  &  North  Alabama  R.  R.  bridge 

Montgomery 

Western  R.  R.  bridge 

Selma 

Claiborne - 

Gainstown ^ 

Davis  Lodge 

Cut-Oflf 

Mouth  of  Alabuna  River 

Seymores  Bluff >. 

MobUe 


Distance 

from 
Mobile. 

Low  water 

above 
sea  level. 

367 

aw 

338 
264.0 

117 
105 
103.4 

256.5 

119.5 

95.5 

69.5 

60.2 
44. 5 

12.0 

31.0 

High  water  1874. 


58. 3 
53. 5 
53. 2 
55.0 
53.0 
42.0 
28.0 
23.0 
21.9 
20.0 
16.25 
1.00 


Elevation  of  low  water  a  little  below  Rome,  Ga.,  on  the  Coosa  River  above 
mean  low  tide  in  Mobile  Bay  Is  590.80  feet;  low  water  at  the  mouth  of  Wills 
Creek  is  528.30  feet;  distance  apart  120  miles.  The  extreme  difference  between 
hi^h  and  low  water  at  Rome  is  29  feet,  at  Gadsden  28. 

At  Montgomery,  for  a  stage  of  1  foot  above  ordinary  low  water,  the  discharge 
of  the  Alabama  River  is  3,711  cubic  feet  per  second  with  a  mean  velocitv  of  2  feet 

Ser  second  below  Newi>ort  Bar;  and  at  Woods  Upper  Landing,  20  miles  lower 
own  3,734  cubic  feet  with  a  velocity  of  1.57  feet  per  second. 

The  discharge  of  the  Black  Warrior  at  Tuscaloosa  Landing  for  gauge  reading 
108  feet  is  3,4^  cubic  feet  per  second,  for  145  feet  it  is  84,^  feet  per  second. 
Above  145  feet  banks  overflowed. 

The  Etowah  is  110  miles  in  length  above  Rome,  Ga.',  250  feet  wide,  has  6 
bridges  and  2  milldams.  From  Rome  to  the  mouth  of  Little  River,  a  distance 
of  63  miles,  the  fall  is  232  feet. 

At  Guntersville  the  distance  between  the  Tennessee  and  Coosa  rivera  at  Gads- 
den is  45  miles. 

Between  Asheville,  N.  C,  on  the  French  Broad  River,  and  the  Catawba,  which 
flows  to  the  Atlantic  Ocean,  the  distance  is  40  miles. 

The  Missouri  River  is  formed  by  the  Jefferson,  Madison,  and  Gallatin  at  what 
la  called  Three  Forks.  Tw^o  hundred  miles  below,  the  Great  Falls  commence 
separating  the  river  into  two  natural  divisions,  Missouri  River  above  the  falls 
aiul  Missouri  River  proper.  The  latter  portion  is  subdivided  into  the  Rocky 
Ittver,  confined  between  Benton  and  Carroll,  and  the  Sandy  River  from  Carroll 
to  the  mouth.  The  drainage  area  of  the  Missouri  above  Fort  Benton  is  24,103 
square  miles.  The  channel  length  is  something  over  3,000  miles.  The  range  of 
water  stages  at  Fort  Benton  is  about  G  feet. 

MISSOURI  RIVER. 


Bismarck  is  opposite  the  mouth  of  the  Heart  River. 
of  the  Gasconade  is  450  cubic  feet  i)er  second. 


The  low-water  discharge 
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Distances  upon  the  Missouri  River. 

tHiimphreys  &  Abbot,  page  51.] 


Locality. 


Di  stance 

above 
mouth  of 
Missouri. 


Mouth  of  Osage  Ri  ver 

Mouth  of  Kansas  River 

Northern  boundary  of  Kansas 
Northern  boundary  of  Mis- 
souri  

Mouth  of  Platte  River 

Mouth  of  Big  Sioux  River. . . 

Mouth  of  James  River 

Mouth  of  Niobrara  River 

Mouth  of  White  Earth  River. 
Fort  Pierre 


132 
382 
530 

617 

640 

842 

976 

1, 026 

1,  L36 

1,246 


Ix)cality. 


Distance 

above 
mouth  of 
Missouri. 


Mouth  of  Big  Sheyenne  River 

Mouth  of  Moreau  River 

Mouth  of  Grand  River 

Mouth  of  Cannon  Ball  River. 

Mouth  of  Heart  River 

Fort  Clark 

Mouth  of  Knife  River 

Mouth  of   Little    Missouri 

River 

Mouth  of  Yellowstone  River  . 
Fort  Union 


WHes. 
1,300 
1,367 
1,391 
1,479 
1,522 
1, 1K74 
1,593 

1,673 
1,888 
1,894 


The  drainage  area  of  the  Yellowstone  is  approximately  78,750  square  miles. 
Fort  Buford  is  3  miles  below  the  mouth  of  the  Yellowstone  and  299  miles  above 
Bismarck.  Fort  Benton  is  816  miles  above  Bismarck.  The  drainage  area  of  the 
Osage  River  is  about  13,600  square  miles. 

Brunswick  is  near  the  mouth  of  the  Grand  River,  257  miles  above  the  mouth 
of  the  Missouri  and  60  miles  above  Boonville. 

Lexington  is  B3  miles  above  Brunswick. 

Kansas  City,  at  the  mouth  of  the  Kansas  River,  is  60  miles  above  Lexington 
and  386  miles  above  the  mouth  of  the  Missouri  River. 

The  Kansas,  one  of  the  largest  tributaries  of  the  Missouri,  is  formed  by  the  junc- 
tion of  the  Smoky  Hill  and  the  Republican  rivei*s,  190  miles  from  its  mouth. 

Leavenworth  is  33  miles  above  Kansas  City,  and  is  opposite  the  mouth  of  the 
Little  Platte  River. 

St.  Joseph  is  61  miles  above  Leavenworth. 

Plattsmouth  is  1.5  miles  below  the  mouth  of  the  Platte  River,  and  161  miles 
above  Leavenworth. 

Omaha  is  27  miles  above  Plattsmouth. 

Yankton  is  just  below  the  Dakota  River,  aiid  896  miles  from  the  mouth  of  the 
Missouri  River. 

The  tributaries  entering  the  Missouri  River  from  the  south  and  west  are  the 
Gasconade,  Osage,  Kansas,  Platte,  Niobrara,  White,  Wak]x>-Washte,  Grand, 
Little  Missouri,  Yellowstone,  and  Muscle  Shell  rivers.  From  the  north  and 
east  the  Grand,  Little  Sioux,  Big  Sioux,  Dakota,  Milk,  Marais,  Medicine  or  Sun 
rivers. 

Hermann  is  101  miles  above  the  mouth  of  the  Missouri  River,  and  6  miles 
below  the  mouth  of  the  Gasconade. 

Jefferson  City  is  8  miles  above  the  mouth  of  the  Osage  and  45  miles  above 
Hermann. 

Boonville  is  51  miles  above  Jefferson  City. 


ARKANSAS  RIVER. 

The  drainage  area  of  the  Arkansas  River,  including  the  White  River,  is  189,000 
square  miles.    Arkansas  River  drains  185,671  square  miles.    ^Census  BuUeUn.) 

Pine  BlulT  is  172  miles  above  the  mouth  of  the  river,  and  Little  Rock  176. 

The  Canadian  River,  the  principal  tributary  of  the  Arkansas,  enters  half  way 
between  P^ort  Smith  and  Fort  Gibson. 

The  Little  Arkansas  joins  the  main  stream  near  Wichita,  409  miles  above  Fort 
Smith. 

The  Cimarron,  or  Red  Fork,  comes  in  on  the  right  side,  228  miles  below  Wich- 
ita. 

Grand  River  enters  87  miles  below  the  Cimarron,  and  94  miles  above  Fort 
Smith. 
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The  White  River  has  the  Black  River  for  its  principal  tributary,  coming^  into 
It  336  miles  above  the  mouth,  half  a  mile  above  Jacksonport.  Newport  is  330 
miles  from  the  mouth. 

The  drainage  area  of  Black  River  is  about  8,000  square  miles.  The  principal 
tributary  is  the  Current  River,  entering  a  short  distance  above  Pocahontas. 

Caches  River  empties  into  the  White  River  1  mile  above  Clarendon.  The  Lit- 
tle Red  River  is  a  stream  entering  the  White  30  miles  below  Augrista,  Ark. 

The  distance  from  Fort  Gibson  to  Fort  Smith  is  95.5  miles.    Fort  Gibson  to 
Little  Rock  is  291.5  miles.    Diflference  of  level  in  low  water  at  Port  Smith  and  ^ 
Fort  Gibson  104  feet.    Between  Fort  Smith  and  Little  Rock  100  feet. 

The  width  varies  from  a  small  stream  at  low  water  to  1,500  or  2,000  feet  at  high 
water.  The  Juno  rise  comes  from  the  Upper  Arkansas  and  is  remarkable  for  its 
red  color.  Ordinary  high  waters  range  from  18  to  25  feet,  extraordinary,  27 
to  35;  at  26  feet  there  is  damage  to  crops. 

The  valley  of  the  Ai*kansas  is  in  two  tori'aces ;  the  upper,  the  richer  and  more 
productive,  has  not  been  flooded  since  1844. 

The  highest  discharge  observed  at  Little  Rock  for  a  gauge  reading  of  18  feet 
is  110.000  cubic  feet  per  second.  For  the  very  high  stage  of  26  feet  it  is  proba- 
bly 150,000  feet. 

Prom  the  Wichita  to  the  Canadian  River  the  low-water  discharge  varies  from 
500  to  1,500  cubic  feet  per  second.  The  Canadian  drains  about  the  same  area  as 
the  Arkansas  above  its  junction. 

At  Fort  Smith,  January  24, 1887,  for  a  gauge  reading  of  plus  0.9  the  discharge 
was  2,972  cubic  feet  per  second. 

Between  Wichita  and  Grand  River  there  are  seven  bridges  without  draws  and 
two  dams  at  Oxford  and  Arkansas  City,  42  and  67  miles  below  Wichita. 

The  minimum  discharge  at  Napoleon,  *'H.  and  A.  report,"  is  given  as  2,318 
cubic  feet  per  second.  At  Pine  Bluff  the  discharge  is  4,400  cubic  feet  for  a  gauge 
reading  of  1.3  feet  at  Little  Rock,  which  would  give  minimum  at  Little  Rock  for 
low  water,  2,500.  At  Little  Rock,  December  6,  1886,  it  was  4,365  cubic  feet  per 
second  for  a  stage  of  2.1  feet. 

The  width  of  the  White  River  from  Forsyth  to  Buffalo  Shoals  is  fully  400  feet 
on  the  average.  The  height  of  bottom  lands  averages  23  feet  above  low  water; 
the  highest  flood  known,  28  feet,  was  pointed  out  by  citizens  of  Forsyth.  The 
discharge  at  extreme  low  water  is  264  cubic  feet. 

At  Kaw  Agency,  102  miles  below  Wichita,  the  Arkansas  River  discharges 
1,440  cubic  feet  at  a  2-foot  stage.  The  extreme  low- water  discharge  of  the  White 
River  at  Jacksonport  above  Black  River  is  approximately  1,000  cubic  ^eet  per 
second. 

RED  RIVER. 

The  distance  from  the  source  of  the  Red  River  to  its  mouth  is  1,200  miles.  It 
drains  97,000  square  miles  (89,970  according  to  Census  Bulletin).  The  rainfall 
varies  from  15  inches  at  the  source  to  65  at  the  mouth. 

On  both  sides  of  the  river  and  along  its  whole  course  there  are  continuous 
chains  of  lakes.  These  lakes  ai*e  from  0.5  to  2  miles  inland.  They  were  at  one 
time  part  of  the  river,  and  vary  in  depth  from  8  to  15  feet,  and  in  length  from  1 
lo  2  miles.    They  act  as  reservoirs,  maintaining  uniformity  of  flow  in  the  river. 

The  Kimishi  empties  into  the  Red,  155  miles  above  Fulton.  The  Boggy  comes 
In  20  miles  above  the  Kimishi.  The  Blue  River  comes  m  35  miles  above  the 
Boggy. 

The  Ouachita,  the  largest  tributary,  comes  into  the  Red  110  miles  above  the 
Kimishi. 

Alexandria  is  situated  at  the  Falls. 

Coushatta  is  160  miles  above  Alexandria. 

Shroveport  is  150  miles  above  Coushatta. 

Pulton  18  250  miles  above  Shreveijort  and  710  from  the  mouth  of  the  river. 

The  Ouachita  is  the  principal  tributary  coming  into  the  Red  River  along  its 
lower  course.  Being  joined  by  the  Tensas  and  Little  Rivers  it  forms  the  Black 
River,  which  enters  the  Red  River  near  its  mouth. 

The  Littlo  Missouri  empties?  into  the  Ouachita  43  miles  below  Arkadelphia. 
Arkadelphia  is  75  miles  above  Camden. 

Camden  is  240  miles  above  Monroe. 

The  Saline  River  is  formed  by  the  junction  of  the  North,  Alum,  Middle,  and 
South  Forks,  25  miles  south  of  Little  J=loek,  and  empties  into  the  Ouachita 
near  Idarais  saline  Landing.    The  river  is  485  miles  long. 
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RED  RIVER  OF  THE  NORTH. 

The  valley  of  the  Red  River  of  the  North  is  about  225  miles  east  and  west  by 
300  north  and  south.    It  contains  approximately  67,500  square  miles  of  ares. 

At  Caledonia  the  flood  sta^  is  39.6  feet  above  low  water.  The  spring  floods  at 
Caledonia  usually  last  ten  days ;  they  are  sometimes  caused  by  ice-gorgea,  but  not 
often. 

In  the  flood  of  the  Red  River  of  the  North,  April  12, 1862,  at  Moorhead  the 
high  water  was  32.8  feet  above  the  low  water  of  1879.  This  was  due  to  an  ice- 
gorge.  The  flood  of  1881  was  1.5  feet  lower.  On  April  25, 1882,  the  discharge 
at  Moorhead,  15.5  feet  below  extreme  high  water,  was  4,269 cubic  feet  per  second. 
The  flood  discharge  at  the  same  point  is  estimated  to  be  20,000  cubic  feet  per 
second. 

Eight  miles  by  water  below  Elm  River,  Quincy,  Dak.,  100  feet  above  the  Wild 
Rice  River,  the  discharges  were  as  follows : 


1882. 

Stage 
below 
flood. 

Cubic  feet 
per  second. 

May  18.... 
May  23.... 
May  24.... 
May  26... . 
May27..-. 
May  29..-. 
May  31--.. 

23.3 
25.3 
25.3 
25.5 
25.7 
26.0 
26.5 

5,276 
4,150 
4,016 
3, 710 
3,675 

3,515 

The  flood  discharge  is  estimated  to  be  30,000  cubic  feet  per  second ;  the  flood 
stage  is  36.2  feet  above  low  water. 

COLORADO  RIVER. 

The  Colorado,  formed  by  the  Grand  and  Green  Rivers,  latitude  36^17',  longitude 
1090  50' /follows  from  that  point  a  winding  ooui'se  for  900  miles,  first  400  in  the 
Grand  Cafion  and  its  extensions,  the  Black  and  Bowlder  Caflons.  It  drains 
240,000  square  miles.  The  only  tributary  at  low  stages  is  the  Gila,  but  200  miles 
above  the  Gila  it  receives  a  good  deal  of  water  in  times  of  flood  from  Bill  Wil- 
liam's Fork. 

Ver^  great  changes  occur ;  the  river  is  6  miles  different  in  some  places  from 
what  It  was  in  1857-58.    In  great  floods  a  change  of  3  miles  often  occurs. 

Yuma  is  150  miles  from  the  Gulf  of  California. 

Discharge  of  Colorado  at  Camp  Mohave,  11,610  cubic  feet  per  second  at  lowest 
level  in  ^ptember,  1876.  In  January,  1879,  estimated  extreme  low-water  dis- 
charge, 3,0(X)  cubic  feet  per  second  near  same  point. 

At  Yuma,  in  March,  1876,  below  the  mouth  of  Gila,  at  low  water,  the  discharge 
was  7,658.7  cubic  feet,  with  a  cross-section  of  2,726  square  feet ;  hydraulic  radius, 
5.8. 

Michler,  in  1854-'55,  estimated  the  low-water  discharge  at  same  point  to  be 
6,200  cubic  feet. 

June  8, 1877,  a  cross-section  was  8,412.5  square  feot ;  hydraulic  radius,  15.3. 

T(}])ograp1iy  and  water  supply, — *'The  Pecos  River  is  a  constantly  flowing, 
heavily  silted  stream,  running  through  an  elevated  country,  yet  in  a  depression 
of  great  extent.  The  altitude  of  Pecos  i£  about  2,700  feet ;  the  country  to  the 
west  rises  rapidly  to  Etholen,  127  miles  west  of  Pecos,  4,650,  and  both  to  the 
north  and  west  is  mountainous.  To  the  east,  on  the  line  of  the  Texas  and  Pa- 
cific Railroad,  the  country'  rises  gradually  to  the  station  of  Douro,  62  mUes  from 
Pecos,  and  is  stated  as  about  3,100  feet. 

'^  The  Pecos  River  rises  in  a  mountainous  district,  one  branch  in  the  Glorietta 
Mountains  in  the  northern  part  of  New  Mexico,  about  350  miles  by  air  line 
northerly  from  Pecos,  and  during  the  irrigation  season  is  largely  supplied  by 
the  melting  snows.  Evidently  the  water  seen  in  the  Pecos  River  Is  but  a  frac- 
tion of  the  supply,  the  major  part  of  which  probably  flows  beneath  the  ground 
and  in  places  breaks  forth  in  siH^inga.    Witnin  a  month  the  entire  river  was 
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dammed  6  miles  above  Edd^,  96  miles  north  of  Pecos,  yet  with  no  water  flow- 
ing over  the  dam,  and  the  immediate  bed  of  the  river  nearly  dry,  the  flow  at 
£Iddy  was  not  diminished  appreciably,  measurements  taken  showing  the  flow  to 
have  been  340  cubic  feet  i^er  second.  One  spring  at  a  distance  of  about  2.5  miles 
below  the  dam  was  estimated  on  February  9,  1891,  by  Col.  E.  S.  Nettle  ton  and 
Mr.  W.  W.  Follott,  engineers  for  the  United  States  Government,  as  flowing 
approximately  30  cubic  feet  per  second,  or  about  20,000,000  gallons  daily. 

^'The  lowest  water  in  the  river  is  during  the  months  of  December,  January, 
and  February ;  the  highest  during  the  months  of  June,  July,  and  August  (some- 
times as  early  as  May),  or  during  the  time  when  the  water  is  n\ost  needed  for 
irrigation."    (Weather  Bureau  observer  at  Brownsville.) 

WILLAMETTE  RIVER. 

At  Portland,  Oregon,  at  intervals  of  ten  years  on  the  average  after  severe 
winters  a  rise  in  the  Willamette  occurs.  Twenty-eight  feet  above  low  water 
has  been  known  ;  velocity,  estimated,  8  miles  an  hour,  ordinary  high-water  4 
miles  an  hour. 

Hi^h  water  in  summer  Is  due  to  back  water  from  Columbia  River  from  snow 
melting  in  mountains.    There  is  a  bridge  at  Portland,  Oi*egon. 
The  highest  floods  in  the  Willamette  River  are  30  feet. 

Discharge  op  Connecticut  River  at  Hartford. 


Stage. 

Discharge. 

Stage. 

Discharge. 

6, 500 

18 

• 

84,700 

4 

10, 800 

20 

101,100 

6 

17,600 

119,100 

8 

26, 700 

24 

139,200 

10 

36, 000 

26 

161,300 

12 

47,200 

28 

184,200 

14 

58, 400 

30 

207,500 

16 

70, 700 

1 

Savannah  River  Discharge. 


Augusta 

Discharge 
in  cubic  feet 

Remarks. 

stage. 

per  second. 

5 

1,000 

Lowest  summer  water. 

6 

2, 500 

8 

6,100 

10 

10,  400 

Ordinary  winter  flow. 

16 

22,700 

20 

39,000 

25 

59, 600 

30 

89,600 

32 

110,000 

34 

136,000 

Freshet,  1864. 

34.5 

143.000 

Freshet,  1887. 

36 

185,000 

36.4 

202,000 

Freshet,  1865. 

36.8 

220,  m) 

Freshet,  1852. 

37.5 

258, 0()0 

Freshet,  1840. 

38.7 

300,000 

Freshet,  1888. 

39 

320, 000 

40 

370,000 
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Freshets  in  the  Connecticut  River  usually  occur  in  the  springy;  occaBlonally 
floods  occur  in  every  month  except  July  and  September.  There  was  a  remark- 
able exception  in  August,  1856,  when  the  water  at  Hartford  rose  to  23.3  feet 
above  low  water. 

The  freshet  of  May,  1854,  is  the  highest  known  below  Holyoke,  29.8  feet  above 
low-water  mark  on  Hartford  gauge.  The  freshet  of  April,  1862,  was  the  high- 
est known  on  Holyoke  dam,  and  probably  the  highest  in  the  river  above  that 
point;  at  Hartford  1.2  feet  lower  than  in  1854.  Previous  to  these  floods  that  of 
1801  was  the  highest;  27.5  at  Hartford. 

The  run-oif  for  the  Connecticut  River  is  .50  of  rainfall  over  basin. 

RIO  GRANDE  RIVER. 

Reports  of  stages  should  be  sent  when  a  rise  of  12  feet  is  indicated  at  Eagle 
Pass,  10  feet  at  Laredo,  7  feet  at  Carrizo. 

Reports  from  Rio  Grande  should  be  sent  to  Carrizo  and  Roma,  points  above, 
no  telegraphic  communications  however,  and  to  points  below  Edmburg,  Santa 
Maria,  and  Brownsville,  all  telegraph  offices. 

More  than  one  telegram  a  day  would  be  necessary  in  rises,  as  the  river  some- 
times rises  at  the  rate  of  4  inches  an  hour. 

There  are  three  tributaries  of  the  Rio  Grande  that  cause  high  floods  at  Rio 
Grande  City  and  which  enter  the  river  between  that  place  and  Laredo  as  follows : 
Rio  Salado,  that  causes  the  highest  floods,  comes  in  at  Carrizo ;  Rio  Alamo  that 
comes  in  about  10^  miles  above  Roma,  and  Rio  San  Juan  that  comes  in  1  mile 
above  Rio  Grande  City  at  the  Garcia  Ranch.  The  last  river  is  navigable  and 
causes  many  rises. 

On  account  of  the  sandy  soil,  the  lowlands,  and  many  great  arroyas,  a  rise  of 
less  than  10  feet  at  Laredo  does  not  affect  the  stage  at  Kio  Grande  City. 

Guerrero  is  a  large  city  in  Mexico  on  the  Rio  Salado,  2  miles  from  its  mouth, 
almost  opposite  Carrizo. 

Laredo  to  Brownsville  by  river  is  110  miles. 

MISCELLANEOUS   DISCHARGE  MEASUREMENTS. 

The  maximum  discharge  of  the  Saone  River  in  France  is  29,065  cubic  feet  per 
second. 

Discharge  of  Garonne  River  in  France  at  low  water,  5,800  cubic  feet ;  at  high 
water,  272,700  cubic  teet  per  second. 

The  amount  of  water  flowing  in  Bureau  Creek  at  time  of  survey  (1870)  was  not 
more  than  50  cubic  feet  per  second ;  West  Bureau  Creek  was  nearly  dry. 

The  discharge  of  Gull  Lake  River  on  the  10th  of  November  laat  (1874  ?)  was 
330  cubic  feet  per  second. 

SU  Louis  (f)— The  discharge  measured  by  Capt.  McKeown  is  368,747  cubic  feet; 
mean  depth  18 ;  area  of  cross  section  74,000  square  feet. 

The  discharge  of  Bi^  Black  River  is  6,000  cubic  feet  per  second. 

The  drainage  area  oi  Gull  Lake  River  is  235.97  square  miles. 

The  drainage  area  of  Pine  River  Basin  is  503.64  square  miles. 

Gull  River  probably  discharges  400  cubic  feet  per  second. 

The  draina^re  area  of  the  river  for  Dauphin  Rapids  is  39,246.5  square  miles. 
In  1880  and  1879  the  run-off  was  0.373  and  0.296. 

The  discharge  of  Rocky  River  at  lowest  stage  known  is  3,426  cubic  feet  per 
second. 

The  Pine  River  is  a  rapid  stream,  which  discharged  at  the  low  water  of  1874 
782  cubic  feet  per  second.    Its  watershed  is  788  square  miles. 

The  Nishnabotana  discharges  1,673  cubic  feet  per  second  at  low  water.  The 
area  of  cross  section  is  1,299  square  feet ;  mean  depth,  11.55 ;  mean  velocity,  1.288 
feet  per  second. 

EVAPORATION  AND  RAINFALL. 

Halley's  value  of  evaporation  at  London,  England,  is  48  inches  in  a  year.  M. 
Cotte,  at  Montmorency,  near  Paris,  gives  41.575  inches  as  the  annual  evaporation 
and  5.315  as  that  for  a  summer  month. 

Col.  J.  J.  Abort's  report  on  Chesapeake  and  Ohio  Canal  assumed  67.2  inches  as 
annual  evaporation  for  region. 

Encyclopedia  Britannica,  Dalton  gives  formula  for  evaporation  depending  on 
dew-point  and  temperature. 

Filtration  in  case  of  a  oanal  is  fourteen  times  the  evaporation  (Chesapeake  and 
OJUo  CaaslJ. 
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Grass  in  growing  consumes  0.10  of  an  inch  of  water;  cereals  re<|uire  more 
water  than  forest;  so  that  it  would  seem  the  cultivation  of  land  dimmishes  the 
amount  of  crater  carried  off  hj  streams. 

Mean  daily  evaporation  at  Leech  Lake,  Minn.,  1879  to  1883,  inclusive,  April  to 
October,  both  inclusive,  0.141  of  an  inch  per  day ;  at  Wausau,  0.167  of  an  inch. 

Very  dry  in  Upper  Mississippi  Valley ;  no  rain  at  Fort  Ripley  November  26, 
1866,  to  AprU  13. 1867. 

DsJton's  percolation  gauge  gives  at  a  depth  of  3  feet  in  the  earth  about  one- 
fourth  pf  the  rainfall. 

Drainpipes  gave  one-third  of  rainfall  as  run-off  from  a  depth  of  4  feet.  Other 
results  give  one-half. 

Streams  like  the  Chippewa,  f  romsandy  soils,  keep  up  better  in  dry  weather  than 
from  other  soils. 

The  absolute  amount  of  precipitation  is  less  important  than  the  circumstances 
which  affect  its  loss  by  evaporation. 

£vai)oration  in  northern  Minnesota,  September :  pan  exposed  0.1040  Jnch  per 
day ;  pan  in  shade,  0.0538  inch  per  day ;  pan  in  marsh,  0.0460  inch  per  day. 

Average  evaparcUion  in  lake  region. 

Inches. 

January 0.69 

February 0.72 

MMTch 0.92 

April 3.06 

May 4.84 

June 5.57 

July 5.79 

August 5.28 

September 3.;^ 

October 2.37 

November 1.49 

December ^ 0.84 

Tgtal  for  the  year,  34.95  inches.    England,  32.68. 

Lake  Cochituate  drains  19  square  miles.  The  average  run-off  is  0.45  of  the 
rainfall.    In  1857,  with  63.1  inches,  it  was  0.74,  and  in  1866,  with  62.3,  only  0.25. 

Variations  in  rainfall  are  35  to  69  inches,  or  2  to  1 ;  in  run-off,  3  to  1. 

Croton  River  drains  20  square  miles ;  run-off,  0.63.  Concord  River  drains  375 
square  miles ;  run-off,  0.41. 

Lewis  Brantz,  in  vicinity  of  Baltimore  (1817  to  1824),  observed  rainfall  average 
39.89  inches;  1822,  smallest,  29.2;  the  greatest,  1817,  48.55  inches. 

The  low-water  discharge  of  the  Potomac  River  at  Chain  Bridge  just  above 
Washington  is  5,600  cubic  feet  per  second  ;  during  the  high  water  of  April,  1891, 
the  dischwge  was  178,000  cubic  feet  per  second ,  during  the  great  flood  of  June, 
1889,  the  diioharge  was  470,000  cubic  feet  per  second. 
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Discharges  of  Missouri  River 233 

Augusta,  Ga.: 

Discharj^es  of  Savannah  River 251 

River  rises  and  rainfalls 186 

Rule  for  estimating  rise 188 

Baton  Rouge,  La.: 

Crest  stages  compared  with  Vicksburg 179 

Dates  of  high  water 238 

Plschargesof  Mississippi  River 230 

Beardstown,  111.: 

St^es  compared  with  Peoriii 142 

Black  Warrior  River : 

Discharge  at  Tuscaloosa 247 

Boonville,  Mo. : 

Crest  stages  compared  with  Kansas  City 148 

Cairo,  111.: 

Crest  stages  compared  with  Cincinnati 133 

Crest  stages  com]3ared  with  Paducah 134 

Discharges  of  Ohio  River  at  Paducah 223 

Number  of  days  crest  stage  occurs  after  Cincinnati  crest 123 

Observed  and  computed  rises 131 

Principal  rises,  Cairo,  Paducah,  and  St.  Louis 135 

Rules  for  prediction  of  crest  stages 131^  133 

Stages  during  principal  river  rises 123 

Catlettsburg,  Ky.: 

Crest  stages  compared  with  Parkorsburg,  W.  Va.. 87 

CarroUton,  I^. : 

Discharge  of  Mississippi 231 

Carthage,  Tenn.: 

Crest  st^e  comparqfd  with  Burnside 114 

Charleston,  W.  Va.: 

Discbarge  of  the  Kanawha 220 

Chattanooga,  Tenn. : 

Crest Btaffes  compai*ed  with  Clinton *. 117 

Principal  river  rises  at  Clinton,  Knoxville,  and  Chattanooga 118 

Biila  tor  predicting  rise \V\ 
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Cincinnati,  Ohio :  Tb^ 

Crest  stages  compared  with  Parkersburg Ill 

Mean  stages  compared  with  Marietta  gauge  readings 90 

Discharges  of  the  Ohio 221 

Excessive  rainfalls  and  accompanying  rises 93, 100, 102 

Observed  and  computed  rises 110 

Rule  for  computing  crest  stages 109 

Crest  stages  at  Cincinnati,  Parkersburg,  Charleston,  and  Louisa 102 

Successive  daily  rises  during  great  rises  _ 91 

Rise  September,  1878,  June,  1889 99 

Average  daily  rises  to  crests Ill 

Colorado  River : 

Discharges 250 

Columbus,  Ky.: 

Discharge  of  the  Mississippi  River 1.      226 

Connecticut  River : 

Discharges 251 

Crevasse  discharge : 

Vicksburg  to  Helena,  1874 237 

Dardanelle,  Ark.: 

Crest  stages  compared  with  Fort  Smith 180 

Davenport,  Iowa: 

Crest  stages  compared  with  Dubuque w 141 

Decatur,  Ala. : 

Crest  stages  compared  with  Chattanooga 121 

Des  Moines  River : 

Discharges  of '224 

Dubuque,  Iowa : 

Crest  stages  compared  with  St.  Paul 140 

Keokuk  corresponding  crest  stages 141 

Discharges : 

Cubic  feet  per  second,  cubic  miles  per  day 234 

Discharge  measurements : 

Miscellaneous 252 

Eddyville,  Ky.: 

Crests  from  Nashville HO 

Elm  River : 

Discharge  at  Quincy,  Dak 250 

Evaporation  and  rainfall 252 

Evansville,  Ind.: 

Crest  stages  compared  with  Cincinnati 113 

Florence,  Ala.: 

Crest  stages  compared  with  Chattanooga 121 

Fulton,  Tenn.: 

Discharges  of  Mississippi  River 22ft 

Gallipolis,  Ohio : 

Crest  stages  compared  with  Marietta ^ 

Gauge  readings: 

List  of  puhlished  records 75 

Greenville,  Miss.: 

Crest  stages  compared  with  Cairo 165 

Crest  stc^s  compared  with  Helena 178 

Hartford,  Conn.: 

Discharge  of  Connecticut  River 251 

Hays'  Landmg,  Miss.: 

Dischargesof  Mississippi  River 220 

Helena,  Ark.: 

Crest  stages  compared  with  Cairo 105 

Dates  of  high  water "_      2rj^ 

Discharges  of  Mississippi  River 227,228 

Hermann,  Mo.: 

Crest  stages  from  Boonville,  Mo ,      I49 

High  water: 

Alexandria,  Baton  Roujrc.  .1  acksonport.  Little  Rook 238 

Memphis,  Nashville,  Vicktsburg 238 

Illinois  River: 

Discharges  of „ * .._      225 
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Jefferson  City,  Mo.:      '  Page. 

Greet  stages  compared  with  Kansas  City 148 

Johnson viUe,  Tenn.: 

Crest  stai^eK  compared  with  Chattanooga 122 

Principal  rises 122 

Kanawha  River: 

Discharges  at  Charleston  Pool , 220 

Kentucky  luver: 

Dischargees  of 222 

City.  Mo.: 

And  Omaha  important  ritfCH 146 

Crest  stages  compared  with  Omiiha 146 

Crest  stages  compared  with  Leuvonwort h 147 

Discharges  of  Missouri  River 233 

Kaw  River: 

Discharge 2;J3 

Kcntuckv  River : 

Discharge 222 

Keokuk,  Iowa:. 

Crest  stages  c6mpai*cd  with  Dubuque 141 

Crest  stages  ifbm  Daveniwrt 1..  142 

Discharge  of  Mis.«saippi  River 225 

La  Crosse,  Wis.: 

Crest  stages  com]>arod  with  St.  Paul 140 

Leavenworth.  Kans.: 

Crests  comi)ai*ed  with  Kansas  City 147 

Leeves: 

History  of 2;M 

Little  I^ock.  Ark.: 

Ci*e8t  stages  compared  with  Fort  Smith 18<) 

Stages  during  principal  rises 181 

Louisiana  Bridge,  Mo.: 

Crost  stages  compared  with  Keokuk •_ 142 

Louisville,  Ky. : 

Crest  stages  compared  with  Cincinnati 112 

Marietta,  Ohio : 

Important  rises 84 

Crests  from  Pittsburg - K\ 

Gauge  readings  comi^ared  with  Piirkersl^uro: 89 

Successive  daily  rwes  during  groat  rises Dl 

Memphis,  Tenn. : 

Crest  stages  compared  with  Cairo - 1H5 

Discharge  of  Mississippi 227 

Mississippi  River : 

Bank-full  stages 237 

CubittsGap 234 

Shreves  Cut-oflf 234 

Areas  pf  basins  of  tributaries 242 

Flood  of  1867 236 

Cross  seictions 235 

Table  of  tributaries 240 

Tides 235 

Miscellaneous  information 234 

MiBsiasippi  River  discharges :  ' 

Arkansas  City,  Ark 228 

Barbres  Landing,  La 230 

Baton  Rouge .  I  ^a 230 

Burlineton,  Iowa 224 

CarrolUon,  La 2;U 

Clayton : 224 

Columbus,  Ky 226,237 

Donaldsonvillc,  in  Bayou  La  Fourohc 2.^0 

Foot  of  Pi'escott  Island 22;^ 

Frcnohmans  Bar 223 

Fulton,  Tenn 227,237 

Gra<ton,Ill 225 

Haiuiibal,Mo 224 

VAB  01— VOL  IV 17 
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Mississipjii  River  discharges— Continued.  P^gB. 

Hab.tinfjs,  Minn... 223 

Hays  Landing,  Miss 229,237 

Helena,  Ark 227,228 

Keokuk,  Iowa 225 

Memphirt,  Tenn --  227 

Natchez.  Miss ». -  22t$ 

New  Madrid,  Mo 226 

New  Orleans,  La 231 

Plum  Point  Reach 230. 

Point  Pleasant,  Mo 226 

Prescott,  Wis 224 

Quincy.  Ill 225 

Red  River  Lauding,  La 229,237 

St.  Francis  Basin 230 

St.  Louis.  Mo 220 

St.  Paul,  Minn 223 

Simmesport,  I-.a 230 

Skipwith  Break 228 

Walmsha,Minn .- 223 

Warrenton,  Miss .•T. 220 

Wilsons  Point,  La 228 

AVinona,  Minn 224 

Missouri  River: 

Distances  along 248 

Missouri  River  discharges: 

Atchison ,  Kans 233 

Kansas  City.  Mo 233 

Nebraska  Oity,  Ncbr 232 

Omaha,  Nobr^- 232 

St.  Charles,  Mo 233 

St.  Joseph,  Mo .- 233 

Sioux  City,  Iowa 1 232 

Stubbs  Ferry 232 

Mount  Vernon,  tnd.: 

Crest  stages  compared  with  Cincinnati 114 

Nasliville,  Tenn.: 

(^rests  from  Burnside 115 

Crests  from  (^^arthage 116 

High  water -. 238 

Nebraska  City,  Nebr.: 

Discharge  of  Missouri  River 232 

New  Madrid,  Mo.: 

Discharge  of  Mississii)pi  River „...  226 

New  Orleans,  La.: 

Crest  stages  from  Vicksburg.. 179 

Discharge  of  Mississippi  River 231 

Niagara  River : 

Discharge 234 

Ohio  River : 

Flood  heights,  18.32 245 

Mlfioellaneous  inforn^ation _ 244 

Table  of  widths  at  selected  points 245 

Tribu  taries 244 

Omaha,  Nebr.: 

Discharges  of  Missouri  River.. 232 

Principal  rises.  Sioux  City,  Omaha 144 

Crest  stages  compared  with  Sioux  City 143 

Paducah,  Ky.: 

Crest  stages  (•om])ared  with  Cairo 134 

Dist^harges  of  the  Ohio  River 223 

Stages  during  imiK)rtant  rises 135 

Parkersburg,  W.  Va. : 

Crest  stages  (M)m})ared  with  Pittsburgh 83 

Average  daily  rises  to  crests :.- 84 

Pecos  River : 

Pittsburg,  Pa.: 

Crest  stages  comptLvod  with  Oil  City  and  Confluence 78 

Crest  stages  compared  with  mean  ot  six  B\ai\0Tvs 77 
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Pilteburg,  Pu.— Continued.  P"*^- 

DfscbargesoF  the  Ohio 220 

Principal  stAges  in  rises  to  more  than  20  feot 9 

As'erage  daily  riBea  to  crests.- 81 

Rivera  »bove  PiltBburg -* --      243 

Pl&ttsmoutb,  Nebr.; 

Creel  etageiicomparoli  with  Omaba .-  ..      115 

Point  Pleasant  Mo. 

Uificharees-ot  the  MigaisBippi  Rivor -      ifX 

Point  Pleasant, Ohio: 

Crest  stageB  compared  with  Marietta SU 

Portsmouth,  Ohio : 

Crest  stages  compared  with  Parke ™bui^ HH 

Heavy  raintalls 101 

Potomac  River: 

Discharpes  at  Wttshinffton S3 

Rule  lor  predicting  rise 18!> 

Portland,  Oregon: 

Crestst^eH  compared  with  Alhanj',  Oregon 185 

Prescolt,  Wis.: 

Discharges  of  the  Mississippi  River 2ii 

Quiocy.  III.: 

Diocbargesot  the  Mississippi  River 223 

Quincy,  Dak.: 

Discharge  of  Elm  River i'>0 

Rainfalls  In  excessol  4  Inches  a  day 189,218 

Red  River  Landing:;,  La.: 

Dischairjes  of  Mississippi  River 229 

Discharge  in  old  river 230 

Red  River: 

Discharges  at  Alexandria 231 

MifR-elliiufous 232 

Rio  Gi-amli.'  llivor: 

Discharges  of 252 

Sacramento.  Cal.: 

Creot  stagi'i.  fi-oui  Colusa 1U5 

St.  Chatlus,  Mo.: 

Dischai^cf  of  Missouri  River _ _        iaa 

St  Clair  River: 

Oisohartr.ft  ol 233 

St.  I'VariL-iB  Hiit^iii: 

Di.schnrjrt-  Ihroiigh  treaties - 230 

St.  Joseph.  Mo,: 

CreBt  stages  ennipared  with  Omaha. 145 

St.  Ijawrc'iici'  River: 

Discbarges  at  Ogdensbu  rg _ _ 234 

St.  Louis  Mo.: 

Averatjc  thuly  rises  to  crcata _ 150 

Crest  alap.'s  from  Boonville  and  Keokuk  wtaK'^s 131 

Crest  Stages  from  Kansas  City  and  Dubuque 150 

Dischargi.'s  uf  ^Hs.■,i^sippi  River 226 

Great  ri.w^and  raiiifaflri..  ,. 14jl 

Staee>atSt.  Louis,  Kansas  City.  Dubuque.  Peoria I'll,  157 

Staiiesat  St.  Louis,  Boonville,  and  Keokuk I.'ia 

St.  Marie  River 

Dischargee  of -)-j-[ 

St.  Paul,  Minn.:  

DlBcharpp  of  Mississippi  River _ 223 

Savannab  River: 

Discharges  of 251 

Sioux  City,  Iowa:  "      " 

Discharges  of  Missouri  River 232 

ImportttiJt  rises I44 

Skipwith  Break: 

Discbarges  of  Mississippi  River _ 228 

Tennessee  River  flood .  -'4fi 

Tide* WW    "laa 
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Velocities:  Pm;^ 

Feet  per  second  and  miles  per  hour 234 

Vicksburg,  Miss. : 

Crest  stages  compared  with  Cairo 165 

Important  rises  %t  Cairo,  Little  Rock,  and  Newport  or  Jacksonport  .169, 178 

Observed  and  computed  rises 166 

Rules  for  computing  crest  stages 166, 169 

Crest  stages  compared  with  Helena 178 

Wabash  River  flood 246 

Wabasha,  Minn. : 

Discharges  of  the  Mississippi  River 223 

Warrenton,  Miss. : 

Di8chai*ges  of  the  Mississippi  River 229 

Washington  City : 

Rule  for  predicting  stage 189 

Wheeling,  W.  Va. : 

Crest  stages  compared  with  Pittsburg 81 

Willamette  River : 

Miscellaneous 251 

Wilsons  Point,  La. : 

Discharges  of  the  Mississippi  River :^ 228 

Winona,  Minn. : 

Discharges  of  the  Mississippi  River 224 

Wisconsin  River : 

Discharges  at  Skinners  Bluff 224 

Yellowstone  River : 

Discharges  of - „ 


y 


appendix  6. 

hepobt  of  thb  officer  in  chabqe  of  state  weatheb 

services, 

Signal  Office,  War  Department, 

Wcuihington  City,  June  SO^  1891. 

Sir:  I  have  the  honor  to  submit  the  following  report  of  the  operations  of  the 
respective  State  and  local  weather  services  cooperating  with  the  Signal  Service 
during  the  year  ending  June  30, 1S91: 

There  are  thirty-seven  States  which  at  present  receive  the  benefits  derived 
from  thirty*  w^eather  services. 

The  most  interesting  i^d  popular  feature  of  the  services,  judging  from  the 
reports  of  the  directors  for  the  year,  appears  to  bo  the  Weekly  Weather  Crop 
Bulletin,  which  is  of  paramount  value  to  farmers.  Directors  report  numerous 
additional  crop  correspondents  and  a  greatly  increased  weekly  issue  of  crop  bul- 
letins. Monthlv  meteorological  bulletins,  too,  seem  to  find  great  favor  m  the 
eyes  of  the  public. 

Each  year  the  interest  of  each  State  in  its  respective  service  seems  to  increase, 
and  it  has  been  rarely  found  that  any  decrease  of  appreciation  of  the  service  and 
its  workings  has  resulted.  Boards  of  agriculture,  boards  of  trade,  chambers  of 
commerce,  meteorological  institutions,  and  various  bodies  of  similar  nature, 
whether  composed  of  business  men,  scientists,  or  farmers,  give  unfailing  support. 

The  dissemination  of  weather  forecasts  and  cold- wave  warnings  by  telegraph, 
tele{)hone,  through  the  press,  by  railroad  companies,  and  in  various  ways,  nas 
continued  during  the  year,  and  a  much  higher  estimate  is  placed  upon  such 
servioe,  as  the  forecasts  are  continually  booming  more  reliable.  Tne  State 
weather  services  of  Michigan  and  Wisconsin  have  added  the  greatest  number  of 
points  to  receive  forecasts  to  their  respective  lists  during  the  year. 

The  agricultural  department  of  South  Carolina  having  been  discontinued, 
the  financial  aid  given  by  the  State  was  withdrawn,  and  the  South  Carolina 
State  weather  servioe  is  now  supported  wholly  by  the  national  service. 

In  September  the  headquarters  of  the  Minnesota  State  service  were  removed 
from  St.  Paul  to  Minneapolis,  and  in  October  those  of  Colorado  were  changed 
from  Colorado  Springs  to  Denver,  and  new  services  organized  during  the  year 
in  Wisconsin  and  Maryland,  the  territory  of  the  latter  embracing  the  States  of 
Maryland  and  Delaware. 

Many  of  the  directors  report  increased  interest  in  the  various  special  investi- 
gations pertaining  to  general  meteorology,  which  investijgations,  difTering  much 
in  the  respective  States,  have  been  steadily  pursued  during  the  year,  the  study 
of  irrigation  receiving  much  attention  in  Western  States. 

The  crop  bulletin  services  in  the  States  of  California  and  Virginia  still  con- 
tinue, and  are  favorably  and  heartily  indorsed  by  the  many  farmers  and  other 
agriculturists  to  whom  they  are  a  benefit. 

To  the  corps  of  well-trained  voluntary  observers  and  crop  correspondents,  who 
cheerfully  give  their  time  and  service  without  compensation,  is  due  great  credit 
for  their  untiring  zeal  in  rendering  accurate  and  reliable  reports,  witnout  which 
the  Service  would  be  at  a  great  loss  for  means  of  obtaining  much  valuable 
meteorological  data.  To  boards  of  trade,  boards  of  agriculture,  chambers  of 
commerce,  meteorological  societies,  and  all  of  the  various  bodies  of  like  nature 
are  extended  sincere  thanks  for  their  heartv  and  helpful  cooperation  in  all  mat- 
ters pertaining  to  the  furtherance  of  the  better  work  of  the  Service ;  and  to 
the  directors  of  State  and  local  woathet  services,  and  their  assistants  detailed 
by  this  Service,  is  due  the  greatest  credit  for  their  constant  and  often  arduous 
labor  in  connection  with  their  respective  services.  The  faithful  and  ofTective 
manner  in  which  their  duties  have  been  performed  shows  their  special  fitness  in 
6very  way  for  work  of  titiis  character. 


S6^  liEPORf   OP   The    chief   signal   OFFICfifi. 

Since  my  oriofinal  suggestion,  made  to  the  Chief  Signal  OflQc^r  on  January 
27,  1881,  for  the  organization  of  those  services,  with  a  view  of  making  the  work 
of  the  Weather  Service  of  more  benefit  to  the  people,  I  have  been  con tinuously  in 
charge  of  this  branch  of  the  Service  until  near  the  close  of  the  current  fiscal  year, 
during  which  time  there  has  been  a  gradual  extension  of  these  services,  so  that 
at  the  date  of  the  ti*ansfer  of  the  Weather  Service  from  under  the  direction  of 
the  War  Department  these  organizations  were  in  pperation  in  thirty-seven 
States.  Organized  as  they  are  for  the  pui'pose  of  collecting  and  distributing 
information  for  the  benefit  of  the  farmers,  the  new^  administration  of  the 
Weather  Bureau  is  furnished  with*  the  most  complete  system  of  distribution, 
which  will  enable  it  to  carry  out  the  provisions  of  the  law  requiring  the  exten- 
sion of  the  work  of  the  Weather  Bureau  in  the  interests  of  agriciuture;  and  it 
is  this  object  that  I  have  constantly  kept  in  mind  during  hiy  continuous  efforts 
to  establish  the  local  services  co()perating  with  the  national  Service. 

The  assistance,  both  financial  and  otherwise,  rendered  by  the  national  Service 
to  these  services  has  contributed  in  a  great  measure  to  their  success,  and  has 
been  courteously  acknowledged  by  the  officials  of  the  various  local  services. 
I  am,  very  respectfully, 

H.  H,  C.  DUNWCK>DY, 
Major,  Signal  Ci>rp8. 

The  Chief  Signal  Officer  of  the  Army, 

WaMngton,  D,  0. 


ALABAMA. 

[Central  olBce,  Auburn;  Prof.  P.  H.  Mell,  director.] 

The  following  is  the  report  of  the  Alabama  weather  service  for  the  year  end* 
ing  June  30, 1891 : 

The  past  year  has  been  consumed  in  continuing  the  equipment  of  the  stations 
with  standard  instruments  and  in  organizing  new  stations  in  other  parts  of  the 
State ;  in  publishing  the  regular  bulletins  of  the  service  and  in  collection  and 
preparation  of  material  for  special  bulletins  on  problems  relating  to  the  climate 
and  the  farming  interests  of  the  State. 

The  work  in  Alabama  may  be  divided  into  the  following  heads  : 

(1)  The  collection  of  meteorological  data  by  voluntary  observers, Judiciously 
locAted  over  the  State.  This  material  when  sent  in  to  the  central  office  is  care- 
fully compiled,  under  the  supervision  of  the  director,  and  published  in  the  bul- 
letins of  the  service. 

(2)  During  the  crop  season,  extending  from  May  1  to  November  1,  the  observ- 
ers make  special  reports  each  week  showing  the  condition  of  the  growing  crops 
and  the  effects  of  the  weather  on  the  same.  These  reports  ai*e  used  in  the  prep- 
aration of  the  bulletins  that  are  sent  out  on  Saturday  mornings  during  this  period. 

(3)  From  the  large  amount  of  material  collected'during  the  past  few  vears  of 
the  existence  of  the  Alabama  service,  several  bulletins  have  been  compiled  and 
issued  from  the  central  office  relating  to  climatic  problems. 

A  meteorological  station  was  established  at  Auburn  in  February,  1881,  by  the 
authorities  of  the  Alabama  Polytechnic  Institute,  and  Prof.  P.  H.  Moll  was 
placed  in  charge  of  the  station.  In  1884  Auburn  was  made  the  central  station  of 
the  Alabama  weather  service ;  and  in  Mai*ch  of  that  year  a  bulletin  was  issued 
containing  data  fi-om  22  voluntary  observers.  In  a  few  months  the  number  of 
obHervors  was  increased  to  45.  During  the  first  two  yeai*s  there  were  many  diffi- 
culties to  contend  with  in  placing  the  service  on  a  firm  basis;  and  doubts  were 
frequently  entertained  by  outside  parties  whether  the  service  would  last  long. 
There  was  no  money  with  which  to  pay  expenses  of  publication  of  the  bulletins 
and  to  purchase  the  necessary  instruments  for  the  use  of  observers.  Immediately 
ii])on  the  organization  of  the  service  the  State  commissioner  of  agriculture  was 
urged  by  the  director  to  receive  the  manuscript  of  the  bulletins  each  month,  and 
put)lish  them  as  a  part  of  the  transact ioift  of  the  department.  This  he  finally 
consented  to  do.  This  trouble  having  been  surmounted,  the  effort  was  now  made 
to  8*»(!uro  first-class  and  uniform  instrunients  for  the  stations.  This  was  not  suc- 
corfsfully  accomplished  until  the  Chief  Signal  Officer,  in  1888,  kindly  consented  to 
lend  to'tlie  State  a  sufficient  number  of  maximum  and  minimum  and  exposed 
thei'mometers  and  rain  gauges  to  equip  one  station  in  each  county.  Up  to  this 
time  observei-s  had  furnished  their  own  instruments. 
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In  1885  the  commiasioner  of  agriculture  withdrew  his  support,  and  the  publi- 
cation of  the  bulletins  was  transferred  to  the  printing  omce  of  the  college  by 
the  Bpeeial  enactment  of  the  board  of  trusteed. 

Alabama  has  the  honor  of  inventing  the  system  of  signals  for  indicating  tho 
changes  of  the  weather.  After  being  used  in  this  State  for  a  year  or  more,  it 
was  finally  adopted  by  the  Chief  Signal  Officer  for  the  entire  United  States. 

The  service  as  organized  consists  of  forty-three  stations,  all  of  which  are 
•equipped  with  standard  instruments.  These  stations  have  been  carefully  located 
so  as  to  cover  as  nearly  as  possible  the  entire  State.  Since  the  organization  of 
the  work  in  Alabama,  in  1884,  eighty  observers  have  reported  data  to  the  cen- 
tral office  at  Auburn. 

ARKANSAS. 

[Central  office.  Little  Rock;  Mr.  M.  F.  Locke,  director;  F.  H.  Clarke,  asslstaut  to  the  dlrector.l 

Col.  MrF.  Locke,  commissioner  of  mines,  manufactures  and  agriculture  for 
the  State  of  Arkansas,  has  I'emained  director  of  the  weather  service  during  the 
year.  Corpl,  W.  U.  Simons,  his  assistant,  wa6«  relieved  October  18,  1890,  by 
Sergt.  F.  H.  Clarke,  who  is  at  present  assistant  to  the  director. 

Tne  service  has  remained  entirely  dependent  on  the  Chief  Signal  Officer  for 
support.  A  bill  asking  for  a  small  appropriation  for  its  support,  was  drafted  and 
handed  to  a  member  of  the  last  legislature,  but  owing  to  existing  circumstances 
it  was  thought  advisable  not  to  present  it  at  this  session,  thus  leaving  the  serv- 
ice without  a  chance  of  an  appropriation  for  two  more  years.  The  number  of 
stations  has  beon  increased  from  25  to  34,  and  a  marked  improvement  is  noted  In 
the  accuracy  and  promptness  with  which  reports  are  made  and  forwarded.  Sta- 
tions from  which  reports  could  not  be  obtained  regularly  have  been  closed  and 
the  instruments  called  In.  Through  the  courtesy  of  Prof.  W.  S.  Thomas,  of  the 
Iron  Mountain  lana  department,  the  monthly  reports  were  published  from  July 
1,  1890,  to  May  31, 1891  in  the  *'  Forest  and  Farm,"  a  monthly  periodical  devoted 
to  the  interests  of  the  State.  On  May  1  the  commissioner  of  agriculture 
commenced  publishing  a  monthly  report  entitled  *' Monthly  lie  view  B\illetin 
and  Crop  Rejwrtof  the  Arkansas  Bureau  of  Mines,  Manufactures  and  Agricul- 
ture, ooOperating  with  the  United  States  Weather  liureau."  In  this  review 
three  pages  were  alfotted  to  the  State  weather  service  for  meteorological  data. 
The  monthly  issue  is  1,500  copies,  which  are  distributed  gratuitously  tlii*oughout 
the  State. 

The  weekly  weather  crop  bulletins  are  issued  from  March  14  to  December 
1,  and  continue  to  be  the  feature  of  the  service.  At  the  beginning  of  the  present 
crop  season  over  300  circular  lettei's  were  issued  asking  for  crop  correspondents. 
and  never  in  the  history  of  this  service  has  there  been  such  an  extensive  list  of 
crop  reporters  as  at  present.  The  list  now  comprisoH  150  regular  eorro- 
spondents,  and  reports  are  received  from  nearly  every  county  in  the  state  where 
mail  facilities  are  such  as  to  allow  the  reports  to  bo  received  in  time  for  publicja- 
tion.  The  weekly  issue  of  crop  bulletins  is  about  250,  and  requests  are  contin-  ^ 
\iBX\y  cominff  in  for  additional  copies.  All  State  weather  service  centoi's  are 
furnished  with  a  copy,  as  also  numerous  mercantile  exchanges  throughout  the 
country.  The  bulletin  is  mailed  Saturday  afternoon,  is  published  in  full  in  the 
local  newBpapei*8,  and  a  synopsis  in  many  State  papers,  and  in  Momphisi,  Tonn.. 
and  New  Orleans,  La. 

Through  the  courtesy  of  the  several  directors  of  the  Static  yci* vices  this  ollicc 
has  been  able  to  furnish  the  Board  of  Trade  with  copies  of  the  sovt'rul  wcatln-r 
crop  bulletins  issued  by  them.  These  bulletins  are  posl^'d  in  a  ])luce  set  a|»art 
for  the  purpose,  are  carefully  reotl  and  highly  appreciat^'d. 

Tliore  are  thirteen  i^oints  in  the  Statti  where  daily  fortrcasts  ai-i^  recived  and 
signals  displayed.  During  theyear  two  display  .stations  witc  discontinued  and  four 
established,  llie  foi-ecasts  are  also  teU^phoned  to  six  points  in  the  State  free  <»f 
charge  through  the  courtesy  of  the  U?lephone  (?<>Tn])anies.  In  tlit»  berry  iunl  fruit- 
growing ieotibns  of  the  Static  the  forerast*»  are  thoughtniost  liitrhly  t)f.  Slii])pi'!'s 
of  fruit  and  vegetables  are  also  gr4?atly  b^'nelited.  On*'  gentlt-inan  informs  thi* 
office  that  several  thousand  dollarH  were  saved  him  during  tli»'  ]>a>t  yeai-  by  a 
knowledge  of  weather  ecmditions  obtained  from  this  otllce. 

Particular  attention  luis  been  given  during  the  pivsent  growing;  season  to  in- 
sect pesta,  particularly  those  infeHtin^^^  cotton  and  corn.  To  this  4'nd  2<K)  oirtni- 
lans  were  sent  out  over  the  State  asking  for  information.  Tims  fai*  rvopm  havi? 
been  unusually  fi*ee  from  all  ins<;ct4  and  cM)nsi.'(|ueutly  but  few  re])lies  havt^  Iveu 
received.  The  informatirm  gathei*ed  has  been  forwardt»d  to  Hrof.  F.  W.  Mally, 
United  States  entomologist,  Shrevoix)rt,  La. 
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The  compilation  of  data  collected  by  the  State  service  and  from  other  souroes 
had  never  been  attempted  until  Octobur  last,  when  It  was  found  necessary  to 
have  certain  data  collected  and  tabulated  In  a  form  easy  of  access.  Since  then 
tables  have  been  prepared  Bhowlng  the  mean  temperature,  maximum  and  mini- 
mum temperature,  and  total  rainfall  at  each  station  for  the  months  from  Ooiober 
to  June  from  1883  to  1891,  Inclusive.  Tables  containing  like  data  for  July,  Au^ 
gust,  and  September  will  be  completed  early  in  the  ensuing  year. 

CALIFORNIA. 
[James  A.  Barwick,  director.] 

■ 

The  crop-bulletin  service  of  this  State  is  very  well  received  by  manv  people 
throughout  the  State,  and  the  secretary  of  the  State  agricultural  society  and 
myself  are  making  everyeffort  to  render  this  service  both  Dopular  and  useful. 
The  secretary  has  some  200  copies  of  the  bulletin  printed  each  week  at  the  State 
printing  office,  most  of  which  are  distributed  throughout  the  State,  about  40 
copies  being  sent  east  of  the  Rocky  Mountains. 

Owing  to  the  length  of  time  required  for  weekly  crop  reports  from  the  south* 
empartof  the  State  to  reach  Sacramento,  Mr.  G.  pH.  Franklin,  observer  in  charge 
of  Los  Angeles,  was  given  authority  to  establish  a  crop-bulletin  service  for 
southern  California,  issue  a  weekly  bulletin,  and  to  forward  to  me  a  telegraphic 
summary  each  Saturday,  for  publication  in  the  bulletin  for  the  State.  The  bulle- 
tin issued  at  Los  Angeles  has  met  with  great  favor,  and  upon  the  request  of  the 
Board  of  Trade,  Chamber  of  Commerce,  Produce  Exchange,  and  many  promi- 
nent business  firms  of  that  city,  the  weekly  crop  bulletin  for  southern  Ouixomia 
will  be  continued  during  the  entire  year,  as  in  that  section  of  the  State  crops  are 
maturing  during  all  seasons  of  the  year. 

COLORADO. 

[Central  office,  Denver;  Wm.  S.  Miller,  director.] 

The  following  is  the  report  of  the  Colorado  State  weather  service  for  the  year 
ending  June  30, 1891: 

The  Collection  of  meteorogical  reports  from  voluntary  observers  was  beeun  in 
the  spring  of  1885,  under  the  direction  of  the  Colorado  Meteorogical  Assoclatioii. 
Prof.  Short,  of  Denver,  was  in  charge  of  the  work  at  first,  and  he  was  succeeded  by 
Prof.  Loud.  The  central  office  was  moved  from  Denver  to  Colorado  Springs 
when  Prof.  Loud  took  charge  of  the  work.  The  Signal  Service  detailed  an  as- 
sistant to  the  director  of  the  local  service  in  the  spring  of  1887.  The  first  as- 
sistant was  Sergt.  T.  W.  Sherwood,  and  he  was  relieved  by  Sergt.  W.  S.  Miller  in 
October  1889.  December,  1890,  the  central  office  was  moved  to  Denver,  and 
since  that  date  W.  S.  Miller  has  been  director  of  the  service. 

The  number  of  voluntary  stations  reix)rtin^  at  the  end  of  the  present  fiscal  year 
is  107,  of  which  64  report  temperature,  precipitation,  wind,  and  clouds,  and  43  pre- 
cipitation only.  All  stations  report  such  miscellaneous  phenomena  as  may  be  of 
interest.  The  reports  of  voluntary  observers  are  received  with  very  fair  regu- 
larity, and  are,  as  a  rule,  rendered  with  much  care.  The  list  of  stations  since 
1886  has  increased  annually  as  follows: 

1886 11 

1887 20 

1888 31 

1889 36 

1890 1.    90 

1891 107 

The  instruments  at  voluntary  stations  are  for  the  most  part  Signal  Service 
property,  though  some  forty  of  the  rain  gauges  in  use  are  Geological  Survey 

f>roperty.    However,  all  instruments  are  standard,  except  a  few  located  on  the 
Ine  of  the  Union  Pacific  Railway,  and  at  these  stations  the  thermometers  are 
owned  by  the  railroad  company. 

A  wide  distribution  is  given  the  monthly  bulletins.  All  reports  are  mani- 
folded by  the  cyclostyle  ])roces8.  The  greatest  interest  is  manifested  in  the 
weekly  weather  crop  bulletins:  they  are  not  only  looked  upon  as  a  reliable  sum- 
mary of  crop  conditions  for  the  week,  but  are  also  serviceable  as  a  legitimate 
meoDB  of  advertising  the  agricultural  possibilities  of  the  State.    Owix^  to  the 
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lack  of  railroad  and  mail  facilities,  there  is  some  difficulty  in  collecting  more  data 
for  the  bulletins,  but  every  available  source  of  information  is  utilized  to  the  ful- 
lest extent.  | 

The  newspapers  of  Colorado  have  been  the  medium,to  a  very  large  extent, 
through  which  the  Weather  Bureau  reports  reach  the  public,  and  it  is  a  pleas- 
ure to  know  that  the  aid  of  the  press  in  this  direction  has  been  freely  ^ivcn; 
space  is  never  denied,  neither  in  the  large  metropolitan  journals  nor  in  the 
smaller  countrv  papers  of  the  State.  In  return  for  many  favors  thus  granted,  it 
has  been  the  aun  to  always  cheei*fully  and  promptly  comply  with  any  request  for 
special  data  from  newspaper  men. 

The  work  of  the  service  is  now  very  highly  appreciated  in  the  state.  Its 
value  is  being  more  and  more  recognized.  The  study  of  meteorological  data 
has  a  prominent  bearing  on  the  solution  of  all  irrigation  problems.  Then,  again, 
the  Rocky  Mountain  region  is  a  natural  sanitarium,  whose  health-giving  prop- 
erties are  acknowledged  both  at  home  and  abroad.  There  is,  in  fact,  much  work 
that  can  be  done  which  is  peculiar  to  a  great  extent  to  Colorado  alone. 

A  great  deal  of  precipitation  data  has  from  time  to  time  been  furnished  the 
state  engineer.  A  most  important  subject,  in  which  many  are  now  interested, 
is  the  gathering  of  statistics  during  the  winter,  showing  the  depth  of  snowfall  in 
the  moimtains.  It  is  obvious  that  it  is  difficult  to  obtain  these  data,  and  success 
will  be  hard  to  achieve;  the  result  last  winter  was  very  unsuccessful.  The  di- 
rector is  now  preparing  plans  to  make  another  effort  the  coming  winter  by  a 
different  scheme.  If  the  snowfall  during  the  winter  and  spring,  especially  the 
former,  were  known  with  some  degree  of  accuracy,  it  might  be  possible  to  fore- 
cast the  probable  water  supply  in  irrigable  valleys  from  time  to  time.  The  loca- 
tion of  water  gauging  stations  along  the  streams  during  the  spring  and  summer 
would  also  have  to  be  developed  and  evaporation  observations  made  at  a  number 
of  places. 

ILLINOIS. 
[Oentral  offloe.  Springfield:  John  Craig,  director.l 

The  report  relative  to  the  work  of  the  Illinois  weather  service,  for  the  fiscal 
year  endmg  June  30, 1891,  is  as  follows: 

But  little  change  has  been  made  in  the  work  of  this  service  during  the  past 
year.  Reports  are  still  being  received  from  about  forty  voluntary  observers 
monthly.  Forms  1011  and  1012,  compiled  from  the  reports  received,  were  for* 
warded  to  Washington  on  the  15th  of  each  month. 

A  monthly  report,  cyclostyled,  has  been  issued  during  the  year,  and  distribu- 
ted among  the  observers  reporting,  and  to  the  various  State  weather  centers. 
A  summary  of  the  monthly  report  is  also  issued  t6  the  principal  newspapers 
throughout  the  State. 

Two  hundred  and  twenty  crop  bulletins  have  been  issued  weekly,  during  the 
growing  season,  to  the  observers  reporting  and  to  the  principal  newspapers. 

These  bulletins  are  now  being  published  in  full  by  the  leiMling  papers  of  Chi- 
cago and  St.  Louis.  This  part  of  the  work  is  greatl^r  ajfpreciated  by  those 
interested.  The  data  used  in  making  up  these  bulletins  is  also  furnished  by  the 
voluntary  observers,  reports  being  received  from  about  twenty-seven  counties. 

Weather  forecasts  and  warnings  are  still  telegraphed  daily,  except  Sundays, 
at  the  expense  of  the  Government,  to  the  leading  points  in  the  State,  and  as  a 
general  thing  have  been  greatly  appreciated  by  the  citizens.  The  average  dates 
of  harvesting  and  planting  principal  crops  in  Illinois  are,  wheat,  planting  Sep- 
tember; harvesting  about  June  !;>.  Oats,  planting  May  1;  harvesting  about 
July  15.    Com,  planting  May  10;  harvesting  about  November  1. 

INDIANA. 

[Oentral  offloe,  Indianapolis;  Prof.  H.  A.  Huston,  director;  C.  F.  R.  Wappenhans.  assistant  to 

the  director.  1 

The  Indiana  State  weather  service  was  organized  in  1882,  the  first  consider- 
able report  from  any  considerable  number  of  counties  being  received  in  June  of 
that  vear.  The  service  was  under  the  direction  of  J.  B.  Conner,  then  chief  of 
the  Indiana  department  of  statistics.  Capt.  Conner  devoted  much  time  and  at- 
tention to  the  collection  and  publication  of  the  meteorological  statistics,  and 
dnoe  his  connection  with  the  service  has  been  severed  he  has  been  of  much  value 
and  aiwigtanrft  to  it.    In  1881  he  published  a  collection  of  meteoroloi^icoJl  ^\A\Aft- 
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tics  in  the  report  of  the  Indiana  bureau  of  statistics,  and  In  1882  appears  tba 
first  reffular  report  of  the  service.  In  1883  the  service  -vaa  transferred  to  Purdue 
University,  and  was  under  the  direction  of  Prof.  W.  H.  Ra^an  until  July,  1884. 
Since  that  time  it  has  been  under  tne  direction  of  Prof.  H.  A.  Huston.  In  March, 
1888,  the  service  was  transferred  from  the  University  to  the  Agricultural  Experi- 
ment Station,  a  department  of  the  University. 

Regular  monthly  bulletins'  have  been  printed  and  distributed  since  September, 
1884.  For  the  past  four  years  regular  weekly  crop  buUethis  have  been  issued 
during  the  growing  season. 

It  is  believed  that  the  publications  of  the  service  are  appreciated  by  the  people 
of  the  State,  and  particularly  the  weekly  crop  bulletin.  It  has  a  very  ex&naed 
circulation  through  the  medium  of  a  number  of  newspapers,  which  publish  tiiis 
crop  report  either  complete  or  in  part. 

Display  stations  maintain  their  popularity,  and  the  people  of  the  State  depend 
upon  them  more  and  more  each  year  for  business  purposes.  The  demands  for 
telegrams  to  the  display  stations  has  always  been  greater  than  oould  be  fur- 
nished. 

The  regular  monthly  bulletin  is  arranged  to  include  both  the  statement  of  the 
conditions  during  the  monUi  and  a  comparative  table  for  the  same  month  for 
periods  varying  from  four  to  thirty-six  years. 

The  service  &  indebted  to  the  United  States  Signal  Service  for  the  services  of 
the  assistant,  Mr.  C.  F.  B.  Wappenhans. 

Great  appreciation  is  expressed  of  the  services  rendered  by  the  volunteer  ob» 
servers,  who  furnish  the  material  from  which  reports  are  compiled. 

IOWA. 

[Centrar  office,  Dee  Moines;  Mr.  J.  R.  Saare.  director;  George  M.  Chappel,  assistant  to  tilA 

director.] 

The  Iowa  weather  service  was  established  in  1875,  as  an  independent  organiza- 
tion of  voluntary  observers,  under  the  directorship  of  Dr.  Oustavus  Hinrichs,  of 
Iowa  City , then  a  professor  in  the  State  University.  In  1878  the  General  Assembjv, 
recognizing  the  value  of  the  service  to  the  people  of  the  State,  appropriated  $1 ,000 
a  year  to  defray  a  x)ortion  of  the  necessary  expenses  of  its  maintenance.  It  was 
operated,  however,  on  an  independent  line,  ana  the  State  thereby  failed  to  secure 
the  benefit  of  reciprocity  and  cooperation  with  the  National  Weather  Bureau. 
To  remedy  this  defect,  end  to  increase  the  elHcienoy  of  the  service  by  adding  a 
provision  for  the  collection,  tabulation,  and  publication  of  crop  statistics,  the  Gen-* 
oral  Assemblv  in  1890  repealed  the  act  of  1878  and  passed  a  substitute  providing 
for  the  establishment  of  thg  Iowa  weather  and  crop  service,  under  the  super- 
vision of  the  directors  of  the  State  agricultural  society,  cooperating  with  the 
Weather  Bureau  of  the  United  States, 

The  result,  it  is  confidently  believed,  fully  justifies  the  act  of  reorganization, 
and  demonstrates  anew  the  wisdom  of  the  proverbial  maxim,  ''In  union  there  Ls 
strength."  In  this  line  of  public  service,  as  in  all  others,  the  State  is  the  recip- 
ient of  the  larger  nisasure  of  the  benefits  of  union. 

Monthlv  reports  of  meteorological  data  are  now  received  at  this  office  from  91 
stations,  including  the  5  Signal  Service  stations  within  the  State,  and  2  (Omaha 
and  La  Crosse)  in  adioining  States.  Weekly  weather  crop  reports  are  received 
from  145  voluntary  observers,  the  larger  number  of  whom  are  supplied  with  rain 
gauges  and  report  precipitation  for  the  weekly  bulletin.  During  the  crop  sea- 
son monthly  reports  of  acreage  and  condition  of  staple  crops,  etc.,  are  received 
from  1,025  correspondents,  an  average  of  over  10  in  each  county.  These  reports 
are  tabulated  for  the  monthly  review,  and  advance  sheets}  arc  sent  to  the  press 
of  the  Northwest. 

Of  the  monthly  review  there  w^ere  issued  within  the  past  year  23,000  copies. 
The  total  issue  of  the  weather  crop  bulletin  during  the  year  (twenty-five 
weeks)  was  31,000  copies;  an  average  of  a  little  more  than  1,200  per  week.  The 
public  appreciation  of  their  value  is  expressed  by  lettor,  by  frequent  commenda- 
torv  notices  in  the  press,  and  by  the  continued  increase  on  the  mailing  list. 

ifhe  intelligent  farmers  of  the  State  are  especially  interested  in  tne  weekly 
bulletin  and  monthly  crop  reports,  having  learned  their  value  in  estimating  the 
output  of  the  harvest  and  its  probable  effect  upon  prices  of  farm  products. 

During  the  past  year  this  service,  ably  assisted  by  Prof.  L.  H.  Pammel,  of 
th<»  Iowa  Agricultural  College,  lias  made  a  special  study  of  the  fungous  diseases  of 
Iowa  forage  plants,  and  the  results  have  been  given  to  the  public  in  a  series  of 
illusU'aUid  aj'ticles  published  in  the  monthly  review.    It  has  also  investigated 
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the  subject  of  artesian  wells  within  the  State,  with  the  view  of  mapping  the  areas 
of  artesian  probability.  This  work  has  been  carried  on  by  Prof.  K.  Ellsworth 
Call,  a  geologfist  of  national  repute. 

It  has  been  the  aim  of  the  director  to  make  the  monthly  review  interesting 
to  students  and  the  general  public,  as  well  as  to  scientists  and  statisticians. 

The  daily  forecasts  are  received,  and  the  signals  arc  displayed  at  ^l  stations. 
Numerous  letters  i-eceivod  and  on  file  at  the  Dos  Moines  office  indicate  that  this 
gratuity  on  the  part  of  the  Crovernment  is  highly  appreciated  by  the  x>eople  of 
the  towns  served  wiUi  these  daily  forecasts. 

This  service  has  sent  out  to  voluntary  observers  during  the  year  thirty-six 
standard  rain  gauges,  which,  added  to  the  number  loaned  by  the  Si^al  Service, 
furnish  the  means  of  obtaininc:  reliable  measurements  of  precipitation  in  nearly 
every  county  in  the  State.  This  is  regarded  as  the  most  important  feature  of 
the  monthly  weather  reports. 

KANSAS. 

[Central  offlce,  Topeka ;  Prof.  J.  T.  Lovewell,  director ;  T.  B.  Jennings,  asslBtant  to  the  director.] 

The  weather  service  of  Kansas  has  been  performing  its  work  during  the  past 
year  on  the  same  basis  as  heretofore,  and  with  the  substantial  result  of  securing 
an  authentic  record  of  the  climatic  conditions  of  the  State  for  the  current  year. 

Including  the  4  Signal  Service  stations,  there  are  reports  received  from  79 
stations,  representing  65  counties.  There  is  a  considerable  falling  off  in  the 
number  of  ooservers  as  compared  with  last  year,  owing  to  various  causes,  such  as 
deaths,  removals,  pressure  of  other  duties,  lack  of  interest,  all  of  which  may  be 
expected  in  a  volunteer  service. 

The  year  1800  was  remarkable  for  deficiency  in  rainfall,  and  in  the  months  of 
July  and  August  for  very  hot  weather,  and  the  consequent  failure  of  the  corn  crop, 
which  intensified  the  depression  of  business  due  to  other  causes.  One  result  oi 
all  this  was  that  some  of  the  observers  tii*ed  of  the  monotonous  record  of  hot  and 
dry  weather  and  ceased  to  report.  Doubtless  recruits  will  be  made  in  the  future, 
and  it  is  still  hoped  to  secui'e  observers  and  reports  from  each  of  the  106  countie^ 
in  the  State. 

The  work  of  making  reports  and  tabulating  results  has  been  in  the  hands  of 
Sergt.  T.  B.  Jennings,  detailed  from  the  Signal  Service  for  such  assistance. 
Mr.  Jennings  has  also  traveled  extensively  through  the  State,  giving  instruc- 
tions to  ob^rvers  and  collecting  facts  of  general  interest  relative  to  storms, 
croDS,  winds,  rainfall,  etc. 

Tne  time  proved  unfavorable  last  winter  for  securing  legislation  that  would 

Elaoe  the  weather  service  more  directly  under  State  patronage  and  support.  It 
I  hoped  and  expected,  however,  that  the  State  will  give  such  recognition  as  will 
be  of  great  advantage  to  the  efficiency  of  the  service. 

There  are  many  questions  of  ^reat  Interest  relating  to  irrigation  and  rainfall, 
and  a  careful  study  of  facts  will  in  many  cases  obviate  the  need  of  costly  and  fruit- 
les8»experiments  to  sustain  vague  theories. 

There  is  much  need  of  nopular  information  in  the  nature  and  use  of  forecasts 
as  furnished  by  the  Signal  Office.  This  information  can  only  be  given  by  reitera- 
tion and  a  gi*adual  formation  of  tlie  habit  of  looking  to  these  forecasts  as  one  of 
the  common  dictates  of  prudence  in  ordering  one's  affairs. 

The  display  of  weather  signals  on  moving  trains  has  been  attempted  to  a  limited 
extent  by  the  Hock  Island  road,  and  with  a  proper  popular  understanding  would 
prove  of  gi*eat  value.  The  various  I'ailway  corporations  have  shown  themselves 
ready  to  coOpei'ate  with  the  service  in  all  ways  that  promise  tangible  results, 
and  these  train  signals  are  regarded  as  worthy  of  study  atul  development. 

KENTUCKY. 
rOaatxid  office,  Louisville;  Dr.  E.  A.  Grant,  director:  Pranke  Burke,  assistant  to  the  director.! 

That  the  Kentucky  State  weather  service  is  not  properly  apprecMated  and  has 
not  received  from  the  State  authorities  the  means  t<:»  thoroughly  equip  it  for 
its  greatest  possible  usefulness,  is  a  source  of  regret  and  mortification,  not  only 
to  toe  director  but  to  many  intelligi>nt  citizens  throughout  the  State. 

The  service  was  orit^flnally  established  at  Lexington  and  observers  were  ap- 

Solnted  in  various  sectKms  of  the  State  to  whom  instrument*  and  the  necessary 
lanks  were  furnished,  but  very  few  of  them  were  found  competent  and  willing 
to  make  proper  reports. 
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In  July,  1888,  the  central  office  of  the  service  was  moved  to  Louisville  and 
placed  in  charge  of  the  Polytechnic  Society  of  Kentucky.  The  instrumentB  in 
the  handfl  of  incompetent  or  careless  j^ersons  were  called  in ;  new  oheervers  were 
appohited  as  fast  as  competent  ones  could  be  obtained,  and  a  persistent  effort  has 
continually  been  made  to  secure  the  best  possible  observers  in  different  parts  of 
the  State.  The  effort  has  not  been  as  successful  as  desired,  but  a  corps  of  faith- 
ful and  oomi)etent  observers  is  gradually  being  secured. 

The  service  has  now  22  observers  and  80  crop  reporters,  most  of  whom  discharge 
the  duties  thus  voluntarily  assumed  with  an  intelligence  and  zeal  worthy  of  ful 
praise. 

The*  Polytechnic  Society  of  Kentucky  undertook  the  publication  of  a  State 
weather  service  bulletin  and  maintained  it  for  one  year,  believing  that  the  State 
legislature  would  provide  the  requisite  fimds  to  continue  its  publication  and 
otherwise  aid  the  State  weather  service  in  its  important  work.  A  bill  was  pre- 
pared for  legislative  action,  and  it«  passage  was  urged  b^  prominent  citizens 
and  the  leading  commercial  organizations  of  the  State;  but  ignorance,  prejudice, 
and  indifference  killed  the  bUl.  After  this  the  Polytechnic  Society  doclmed  to 
continue  to  meet  the  expense  of  publishing  the  bulletin.  Since  that  time  Sergt. 
Burke  has,  by  his  duplicating  process,  issued  a  regular  weather  report,  and,  dur- 
ing the  season,  crop  reports.  Both  the  weather  and  crop  reports  printed  by 
this  process  have  been  widely  circulated,  and  applications  for  them  continue  to 
increase.  It  is  believed  that  this  interest  will  soon  reach  the  ears  of  our  legis- 
lators and  result  in  a  well-endowed  weather  service. 

The  system  of  frost  warnings  established  in  1889  has  been  of  incalculable 
value  to  the  planters  of  the  State,  and,  except  in  one  or  two  small  localities 
where  the  temperature  was  affected  by  local  causes,  the  predictions  have  been 
in  every  instance  verified, 

Tt  is  surprising  how  many  difficulties  have  to  be  met  in  the  effort  to  establish 
a  State  weather  service  on  a  suitable  basis.  It  will  require  time  to  overcome 
them  all;  but  indifference  and  ignorance  must  yield  to  the  logic  of  facts,  and  an 
enlightened  self-interest  will  demand  a  liberal  appropriation  for  this  important 
purpose. 

LOUISIANA. 

[Central  office,  New  Orleans;  G^eorge  £.  Hnnt,  director.] 

• 

The  following  is  the  report  of  the  Louisiana  State  weather  service,  for  the  year 
ending  June  30, 1891: 

This  service  has  never  received  any  financial  or  other  aid  from  the  State,  and 
has  been  conducted  during  the  year  just  closed,  as  in  former  years,  under  the 
auspices  of  the  agricultural  and  commercial  associations  of  Louisiana,  hy  the  Sig- 
nal Corps  observer  in  charge. 

There  were  49  stations  in  operation  June  30, 1890,  and  at  this  date  reports  are 
received  from  about  the  same  number. 

Being  unable,  on  account  of  a  lack  of  instruments  and  clerical  assistance,  to 
establish  new  stations  or  to  inaugurate  any  decided  improvement  in  the  methods 
of  tabulating  and  making  public  the  data  collected,  and  believing  that  absolutely 
correct  reports  from  a  limited  number  of  properly-distributed  points  throughout 
the  State  would  answer  every  purpose  sought  by  the  Government  and  be  of  far 
more  value  than  a  mass  of  data  collected  by  inexperienced  and  poorly-instructed 
observers,  the  efforts  of  the  office  have  been  constantly  dii'ected  toward  improv- 
ing the  character  of  the  reports  received.  Every  opi)ortunity  has  been  embraced 
to  impress  upon  voluntary  observers  the  importance  of  accuracy  and  uniformity, 
and  it  has  been  sought,  by  relieving  them  oi  all  work  except  the  mere  recording 
of  their  observations,  to  make  their  duty  as  light  and  pleasant  as  possible.  Great 
care  has  been  exercised  in  the  distribution  of  the  few  instruments  at  the  disposal 
of  the  office,  and  no  pains  have  been  spared  in  instructing  observers  in  their  proper 
care  and  handling.  Careless  and  incompetent  ol^ervcrs  have  been  requested 
promptly  to  turn  in  their  instruments  that  they  might  be  placed  in  the  hands  of 
those  wno  were  willing  to  manifest  their  interest  in  the  service  by^ood  work. 

The  weekly  crop  bulletins  continue  to  be  by  far  the  most  popular  feature  of  the 
service,  and  all  information  contained  in  tkL'm  is  eagerly  sought  by  the  press« 
the  commercial  and  agricultural  organizations,  and,  to  a  constantly-increasing 
extent,  by  the  general  public.  One  hundred  and  twenty  copies  are  issued  each 
Saturday  during  the  crop-growing  and  harvesting  season,  and  are  distributed  by 
message  and  through  the  mails.    Eight  daily  papers  in  this  city  alone  repro- 
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duce  in  their  Sunday  edition  every  bulletin  that  is  issued,  word  for  word,  and 
the  informaUon  is  also  g^iven  wide  dissemination  by  the  country  press  and  throug^h 
the  columns  of  the  Southern  Presbyterian,  a  weekly  religious  publication,  which 
has  a  large  circulation  throughout  the  entire  South. 

The  publication  of  the  monthly  reports  through  the  Louisiana  Weather  Jour- 
nal, a  monthly  publication  supported  by  private  enterprise,  has  been  continued 
during  the  year,  and  through  this  medium  reaches  the  public  on  the  10th  of  each 
month.  Fourteen  hundred  copies  of  the  Journal  arc  issued  monthly,  and  the 
greater  number  are  distributed  gratuitously  throughout  this  and  the  adjoining 
States.  Reporters  from  the  local  press  each  month  s<',an  the  proof  slips  of  the  Jour- 
nal and  reproduce  in  the  columns  of  their  several  papers  the  general  summary  and 
all  other  meteorological  data,  exclusive  of  the  large  temperature  and  precipita- 
tion tables.  On  several  occasions  when  the  advertising  patronage  of  the  ^ur- 
nal  had  decreased  to  such  an  extent  as  to  make  it  seem  likely  that  the  Signal 
Corps  director  would  be  put  to  personal  expense  to  continue  its  publication,  the 
New  Orleans  Cotton  Exchange,  through  the  chairman  of  its  meteorological  com- 
mittee, has  profferod  financial  aid,  and  offered  to  assume  responsibility  for  cost 
of  printing,  but  as  all  the  other  bodies  were  equally  interosted  in  the  work,  and 
share  jointly  in  whatever  benefits  aro  derived  from  it,  the  director  did  not  think 
it  wise  to  put  the  service,  which  is  but  an  adjunct  of  the  national  service,  under 
so  much  obligation  to  any  one  organization,  and  its  generous  offers  have  been 
declined,  except  to  a  very  small  extent,  and  only  when  all  the  other  commerolal 
bodi^  have  subscribed  equal  amounts.  A  total  amount  of  $45  has  been  subscribed 
and  collected  jointly  from  the  four  agricultural  and  commercial  bodies  of  New 
Orleans  during  the  year.  This  sum  has  gone  toward  defraying  the  expense  of 
publishing  the  data  of  the  service,  and  has  served  to  secure  the  diroctor  from  per- 
sonal loss,  and*  in  a  large  measure  to  relieve  him  from  the  necessity  of  canvassing 
for  advertising  patronage  for  the  Journal. 

I>ata  has  been  compiled  during  the  year  from  the  State  service  reports  for 
the  immigration  edition  of  newspapers ;  for  parties  outside  the  State  intending 
to  emigrate  to  New  Orleans ;  for  the  city  press ;  for  the  commercial  and  agri- 
culture associations  of  the  State,  and  occasionally  for  planters  and  farmers, 
many  of  whom  are  beginning  to  manifest  an  interest  in  the  climatic  data  of  the 
service,  and  are  generally  anxious  to  compare  the  temperature  and  rain- 
falls of  those  years  most  favorable  and  most  unfavorable  for  such  crops  as  they 
are  particularly  interested  in.  Requests  for  such  information  have  always  been 
cheeriullv  coniplied  with,  even  when  they  have  entailed  a  great  amount  of  extra 
labor.  Every  effort  has  been  made  to  keep  alive  and  stimulate  interest  in  such 
matters. 

Crop  prospects,  owing  to  the  protracted  drought  during  the  spring  months, 
lookea  very  gloomy  up  to  three  weeks  ago,  but  since  that  time  generous  rains 
have  fallen  in  all  sections  of  the  State,  and  it  is  now  generally  believed  that  the 
damage  resulting  from  the  drought  will  bo  much  smaller  than  was  at  first  sup- 
posed, and  will  he  principally  confined  to  early  planted  corn  and  unimportant 
crops.  With  a  favorable  season  from  now  on,  an  abundant  yield  from  the  cotton 
and  sugar-oane  crops  may  be  reasonably  expected.  Late  corn  also  promises 
well. 

The  average  dates  of  planting  and  harvesting  are  as  follows :  Cotton,  planted 
March  1  to  June  1 ;  harvested  from  August  15  to  January  1.  Corn,  planted  from 
February  14  to  Juno  1 ;  harvested  from  September  to  November.  Sugar  cane, 
planted  from  September  to  March ;  harvested  from  October  to  January.*  Vege- 
tables, planted  from  September  to  February ;  harvested  from  March  to  July. 
The  above  are  the  chief  crops.  Cane  is  planted  at  any  time  from  September  to 
Maroh,  sometimes  the  season  carrying  it  well  into  March.  Cotton  and  corn  arc 
frequently  delayed  by  water,  and  not  planted  until  June.  Vegetables  are  planted 
munly  in  the  fall  and  winter  and  marketed  in  the  spring. 

The  service  is  self-sustaining,  and  can  bo  continued  as  heretofore  should  the 
Chief  Signal  Officer  so  desire.  * 

MARYLAND. 

[Omtral  offloe,  Johns  Hopkins  University.  Baltimor.' :  Dr.  William  B.  Clark,  director;  C.  P. 

Cronk.  assistant  to  tbe  director.] 

The  operations  of  the  Maryland  State  weather  service  in  the  fiscal  year  end- 
ing June  30, 1891,  included  little  more  than  the  work  of  organization,  a^d  it  can 
scarcely  he  said  that  even  this  is  finished.  The  matter  was  discussed  in  April 
bgr  representatives  of  the  Johns  Hopkins  University,  the  Maryland  Agricultural 
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Ck)llege,  and  tho  U.  S.  Weather  Bureau,  and  it  was  decided  to  organize  a  State 
service,  to  Inolude  Maryland  and  Delaware,  under  tho  auspices  of  the  throe  inati- 
tutidns.  The  Johns  Hopkins  University  was  agreed  upon  as  the  place  for  tho 
central  office,  and  by  tho  authority  of  the  Chief  of  the  Weather  Bureau  an  office 
was  opened  there  on  June  1.  Meteorological  reports  for  the  month  of  May  were 
received  from  twelve  stations,  which  had  previously  been  reporting  directly  to 
the  U.  S.  Weather  Bureau,  and  a  monthly  summary  and  report  of  operation«,  to- 
gether with  a  preliminary  statement,  was  prepared,  printed,  and  circulated. 
The  proof  constituted  an  octavo  book  of  12  pages,  but  was  reduced  to  10  paffes, 
and  tnen  printed.  Meanwhile  crop  bulletin  forms  had  boon  sent  out  and  the  ini- 
tial reports  were  received  for  the  week  ending  Friday,  June  26.  The  first  weeklv 
weather  crop  bulletin  was  issued  on  the  succeeding  day,  June  27.  Copies  of  both 
the  weekly  and  monthly  reports  were  sent  to  every  newspaper  in  the  States  of 
Maryland  and  Delaware,  and  to  some  in  the  District  of  Columbia.  They  were 
otherwise  given  a  wide  circulation.  The  weekly  bulletin  was  published  in  full 
by  the  Baltimore  dailies  and  by  other  pai)er8  in  the  States.  There  were  also 
many  commendatory  editorial  notices,  and  a  number  of  encouraging  letters  have 
been  received.  § 

This  fair  beginning  has  been  somewhat  checked  by  the  lack  of  an  understand- 
ing in  regai'd  to  the  expenses  for  printing,  which,  it  is  likely,  can  not  be  cor- 
i*ccted  until  September,  and  the  outlook  is  that  until  that  time  the  monthly  report 
will  be  limited  to  2  octavo  pages.  The  expense  of  this  printing  will  be  borne  by  the 
university,  as  was  tho  exj^enso  of  printing  the  first  and  larger  monthly  report 
and  the  first  w^eekly  bulletin.  As  there  is  no  fund  for  the  further  printing  of  the 
weekly  bulletin  it  is  published  in  tho  daily  produce  report,  the  organ  of  the  Com 
and  Flour  Exchange.  This  sheet  is  not  a  newspaper,  so  that  no  jealousies  are 
engendered  by  the  mode  of  publication.  The  weather  crop  bulletin  is  given  the 
most  prominent  place  in  the  publication.  The  outlook  for  the  future  sucoess  of 
the  service  is  encouraging.  It  is  thought  that  tho  publication  of  fuller  reports 
can  be  begun  in  the  autumn,  by  which  time  it  is  hoped  to  have  observers  in  every 
county  in  the  two  States.  Two  base  maps  of  Maryland  and  Delaware  are  being* 
prepared  at  the  office  of  the  U,  S.  Geological  Survey,  Washington,  for  use  in 
future  reports.  They  will  cost  $150,  the  expense  being  borne  by  the  Johns 
Hopkins  University,  the  Maryland  Agricultural  College,  and  the  U.  S.  Geolog- 
ical Survey. 

The  State  service  will  be  of  value  in  different  ways.  It  will  afford  opportuni- 
ties for  tho  closer  study  of  the  climate  of  tho  territory  embraced  than  heretofore 
has  been  possible ;  and  as  the  climate  of  the  eastern  portion  is  not  only  marine 
but  insular,  and  that  of  the  western  portion  not  only  continental  but  mountain- 
ous, opjwrtunities  are  offered  which  aro  possessed  by  scarcely  any  other  portion 
of  the  country.  Under  tho  very  liberal  policy  of  tho  present  Chief  of  the 
Weather  Bureau  as  many  points  as  possible  for  the  display  of  forecast  signals 
will  be  established.  It  is  thought  that  this  project  will  bo  of  great  value  to  the 
marine  interests  of  Maryland,  and  soveral  points  will  be  selected  upon  the  coasts 
of  the  Chesapeake  and  Delawaro  bays  and  their  tributaries  and  upon  tho  Atlan- 
tic coast.  A  speciaretTort  will  bo  mado  to  make  the  service  of  value  to  agricultr 
ure,  and  through  the  medium  of  tho  press  it  is  hoped  that  interest  enough  can 
be  stimulated  to  effect  the  display  of  weather  signals  at  all  prominent  xxnnts  in 
the  interior. 

MICHIGAN. 
[Central  ofUce,  Lansing;  N.  B.  Conger,  director.] 

The  Michigan  State  weather  service  was  established  by  act  of  legislature  Feb- 
ruary 3, 1887.  and  w^as  placed  under  the  control  of  the  State  board  of  agriculture, 
with  Sergt.  N.  B.  Conger,  detailed  by  the  Cliief  Signal  Officer,  as  director,  and 
has  since  been  operatiilg  under  that  and  similar  act«  passed  in  1891. 

The  work  of  the  service  has  been  to  establish  observing  stations  in  each  county 
of  the  State,  as  far  as  possible,  and  to  collate  the  information  deHvod  from  these 
stations  and  publish  it  for  the  information  of  the  public  generally. 

During  the  period  that  this  sei'viee  has  bi^en  in  ()i>oration  there  have  been  com- 
))ilod  the  monthly  rainfall  and  tomjMirature  ehurt**  of  the  State,  showing  the  dis- 
tribution of  the  same  over  the  State  and  the  (.-onsequcnt  effects,  as  far  as  they 
havti  been  determined,  \ipon  the  different  ecivals  of  the  State. 

The  dlreetor  has  now  under  study  the  **  frost  lines"  of  the  State,  showing  the 
different  divisions  whore  frost  during  the  different  si'osons  of  tho  years  is  most 
JikeJy  to  occur  first  and  tho  probable  intensity  of  it.    In  tho  preliminary  study  of 
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this  subject  many  new  and  important  features  have  been  developed  which  will 
be  of  undoubted  value  in  making  frost  predictions  for  the  State  at  large  and  for 
localities. 

There  have  been  in  the  past  vears  some  isolated  stations  in  the  State  making 
monthly  reports,  some  regularly  and  others  at  irregular  intervals,  and  this  in- 
formation has  been  in  such  shape  that  it  could  not  be  readily  used  in  studying  the 
climate  of  the  State.  These  i*eports  have  all  been  compiled  and  the  information 
relative  to  the  rainfall  and  temperature  has  been  entered  on  sheets  for  binding, 
!«o  that  all  the  temperature  and  rainfall  data  pf  the  State  can  be  bound  into  one 
volume  and  be  used  for  ready  reference  when  needed. 

In  the  study  of  the  climate  of  this  State  the  rainfall  and  temperature  charts 
have  been  of  great  value,  as  the  information  is  placed  in  such  shape  that  it  can 
be  easily  understood  and  appreciated  by  the  masses,  and  docs  not  necck>tiarily 
take  a  trained  meteorologist  to  extract  the  value  of  the  information  so  that  it 
ma\'  be  used. 

The  study  of  these  charts  relative  to  the  "peach  belt  of  Michigan"  shows  con- 
clusively the  immense  imi)ortance  of  the  temperature  and  rainfall  on  those  fruits, 
and  why  they  can  be  readily  raised  along  the  west  shore  of  the  State  in  such 
abundance  and  are  not  so  plenty  in  other  sections.  The  prevailing  high  tempera- 
ture during  the  winter  and  the  low  temperature  during  the  spring  of  the  year, 
which  is  essentiality  necessary  to  the  protection  of  trees  and  buds  from  oarl^  frosts, 
is  graphically  depicted  on  the  charts;  and,  again,  the  air  drainage  of  the  west 
shore  Is  also  very  favorable  to  the  growth  of  peaches  and  small  fruits. 

The  study  of  the  difference  of  the  minimum  temperature  in  the  instrument 
shelters  and  on  the  ground  has  also  taken  up  no  little  time  of  the  director,  and 
with  a  more  extended  observation  of  this  work  will  undoubtedly  show  an  average 
difference  between  these  temperatures  which  will  bo  of  no  little  value  to  the  proper 
forecasts  of  frosts  in  the  different  portions  of  the  State. 

The  study  of  local  rains  in  Michigan  has  received  some  little  attention. 

The  above  constitute  the  several  studies  which  this  service  is  now  engaged  in 
for  the  advancement  of  the  work,  and  so  far  the  results  have  been  quite  satisfac- 

tonr. 

The  corps  of  voluntary  observers  still  holds  tho  high  standard  which  they  set 
in  the  years  gone  by,  and  to  their  untiring  efforts  in  carefully  taking  and  prejpar- 
ing  their  reports  is  due  in  a  great  measure  tho  success  which  has  been  attained 
in  this  service  relative  to  tho  climate  of  Michigan. 

There  have  been  some  changes  during  tho  year  in  the  personnel  of  tho  volun- 
tary observei*s,  but  the  changes  have  boon  but  few  and  the  number  is  but  eight 
below  that  of  last  year  at  this  time.  Tho  majority  of  the  observers  have  }xicn 
connected  with  the  service  since  its  establishment. 

It  is  here  fitting  that  the  thanks  of  the  service  should  be  bestowed  upon  thosu 
observers  who  have  been  so  faithful  in  their  work  and  have  rendered  such  reg- 
ular and  uniform  reports  during  the  year. 

The  practice  of  having  a  small  sum  for  tho  expenses  of  tho  voluntary  ob- 
servers^ stations  during  tho  past  two  years  has  been  of  no  little  benefit  to  tho 
service  and  to  tho  observers,  and  it  was  With  sincere  regret  that  it  was  found  im- 
possible to  continue  this,  the  1*0  being  no  further  a])propriation  for  this  pur|)oso. 

Tho  weather  signals  have  been  displayed  in  sixty  towns  during  the  year,  and 
tho  steady  improvement  of  the  forecasts  have  made  this  class  of  work  inoi'c  sat- 
isfactory to  the  people  during  thu  year.  The  verification  of  the  official  forecasts 
for  the  year  ending  December  31, 1890,  for  Lower  Michigan  was  85  iKjr  cent. 

On  January  1,  1891,  tho  stations  which  had  been  receiving  the  forecasts  at  tho 
expense  of  the  Stat©  were  all  transforred  to  tho  national  Service,  and  have  since 
been  <5arried  on  by  that  Stjrvico.  and  the  small  appropriation  of  the  State  service 
for  this  work  was  expended  in  supplying  signal  flags  f(u*  tho  stations,  which  has 
proved  more  successful  in  retaining  th<J  dis])lHymcn  than  tlio  old  syntom,  whore 
the  towns  were  exjKicted  to  suj)ply  tho  flags  for'the  display  of  tho  signals. 

At  tile  close  of  tne  year  there  an;  51  stations  receiving  tho  forooasts  through 
the  Lansing  office  at  the  exixinsc  of  the  national  Sorvico. 

The  weather  crop  bulletin  was  continued  until  tho  last  Sai\n*tlay  in  S<M)tvmber, 
1890,  when  it  was  discontinued;  in  April,  1801,  it  was  rosumod  and  has  been 
published  each  Saturday  morning  ivgularly,  and  sent  to  some  400  plaoos  in  and 
out  of  tho  State.  This  nullctin  consist^i  of' the"  bulletin  propter,  oontaining  the 
normal  temperature,  departure,  thci-cfrom :  average  total  rainfall  for  the  week, 
and  departure  from  the  normal :  amount  of  sun*4hine,  and  tho  general  rt^sults  on 
all  the  cereals.  Accompanying  this  bulletin  is  arainfall  chart  showing  graphically 
the  distribution  of  the  rainfall  over  the  lower  peninsula  during  the  past  week. 
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As  tho  object  of  this  bulletin  is  becoming  more  and  better  understood,  there 
are  more  calls  for  it  and  the  opposition  to  it  is  fckst  disappearing.  The  fanners 
are  beginning  to  realize  the  value  of  the  report  each  weelc  to  them,  and  during 
the  past  winter  at  the  different  farmers'  institutes  the  weather  service  and  orop 
bulletin  were  freely  discussed,  and  were  in  all  cases  recommended  for  their  use- 
fulness. It  is  considered  that  this  rex)ort  is  one  of  the  most  valuable  that  tiie 
service  issues. 

The  bill  for  the  expenses  of  the  weather  service  for  the  two  years  ending  July 
1, 1892,  failed  in  passage  in  tho  senate  on  a  close  vote,  and  it  is  not  probable  that 
at  this  late  date  it  can  be  carried  through  successfully. 

The  amount  asked  from  the  senate  for  the  expenses  of  tho  service  for  the  next 
two  years  was  $2,600,  or  $1,300  a  year. 

The  service  has  been  in  operation  for  four  years,  and  has  been  indorsed  bv  the 
State  Grange,  Patrons  of  Industry,  and  the  State  Horticultural  Society,  and  the 
many  people  who  have  access  to  the  information  published  by  the  servioe. 

MINNESOTA. 
[Central  office,  Minneapolis;  Willis  L.  Moore,  director.] 

The  Minnesota  State  weather  service  was  established  in  December,  1884,  with 
headquarters  at  St.  Paul.  On  December  23,  1890,  tho  headquarters  of  the  serv- 
ice were  moved  to  Minneapolis,  Minn.,  and  Mr.  John  Healy  assigned  in  charge. 
Mr.  Healv  was  relieved  on  June  22,  1891,  by  Mr.  Willis  L.  Moore.  On  Decem- 
ber 21,  1890,  an  assistant,  Mr.  H.  W.  Ford,  was  employed  and  was  found  to  be 
thoroughly  competent  for  any  duty  at  the  station. 

The  Minnesota  service  is  maintained  wholly  by  the  U.  S.  Weather  Bureau, 
the  State  furnishing  no  funds  whatever  toward  its  support. 

A  deep  public  interest  is  manifested  in  the  work.  When  the  weekly  crop  re- 
ports are  received  on  Saturday  morning  it  is  of  usual  occurrence  to  see  the  report- 
ers of  the  evening  papers  copying  the  reports  from  sub-stations  as  fast  as  received, 
so  anxious  are  they  to  get  the  full  report  before  the  official  can  complete  his 
summary  of  the  crop  conditions. 

These  crop  reports  are  published  in  all  the  daily  and  weekly  papei*s  of  Minne- 
apolis and  St.  Paul,  and  by  most  of  the  county  papers  throughout  the  State;  also 
by  the  Orange  Judd  Farmer,  published  in  Chicajgo,  111. 

On  account  of  the  immense  cereal-producing  districts  of  this  State  and  the  ad- 
joining ones,  the  Chamber  of  Commerce  feels  a  vital  interest  in  the  crop  reports, 
and  desire  a  complete  and  extensive  service.  The  receipts  and  shipments  of 
wheat  alone  were  45,000,000  bushels  for  the  year  ending  December  31, 1800,  and 
the  indications  are  that  this  vast  amount  will  be  greatly  exceeded  the  present 
year.  The  magrnitude  of  the  grain  interests  of  this  city  will  be  bettor  under* 
stood  when  it  is  known  that  the  total  receipts  of  Chicago,  Duluth,  and  St.  Louis 
for  the  corresponding  period  were  39,000,000  bushels,  6,000,000  less  than  handled 
by  this  citv  alone.  These  figures  are  cited  to  show  the  reason  for  the  general 
interest  taken  in  all  weather  reports  affecting  crops. 

Forty  crop  correspondents  throughout  the  State  are  in  regular  communication 
with  this  office ;  18  voluntary  .ol^rvers  take  daily  observations  and  make 
monthly  reports ;  also  5  regular  Signal  Service  stations  forward  either  weekly 
or  monthly  reports  of  daily  observations,  making  23  stations  from  which  meteo- 
rological reports  are  received.  Three  new  stations  have  boon  established  and 
one  discontinued  during  the  year. 

MISSISSIPPI. 

[Central  offloe,  University;  Prof.  R.  B.  Pulton,  director.] 

In  1885,  after  correspondence  with  tho  Office  of  the  Chief  Signal  Officer,  Prof. 
R.  B.  Fulton  undertook  the  work  of  organizing  a  corps  of  voluntary  observers  in 
this  State.  He  was  furnished  with  necessary  stationery  and  franked  envelopes, 
and  with  the  daily  cotton  region  bulletins  of  the  centers,  including  this  State. 

Earnest  efforts  to  induce  the  legislature  of  Mississippi  to  furnish  the  means  to 
equip  volunteer  observers  with  instruments  wcjre  unsuccessful,  although  the  mat^ 
tor  was  brought  to  their  attention  by  the  Governor  in  a  special  message  on 
two  occasions. 

A  few  bulletins  were  published  in  the  newspa])ers,  and  a  few  volunteers  begaa 
'observations  with  their  own  instruments. 
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In  1887  (September)  the  Chief  Signal  Officer  detailed  a  member  of  the  Signal 
Corps  to  cooperate  in  the  work,  and  soon  afterwards  was  able  also  to  supply 
some  thermometers  and  rain  guages.  The  Univei*sity  of  Mississippi  furnished 
an  office,  and  in  1888  began  to  bear  the  expense  of  publishing  the  monthly  bul- 
letins. 

In  December  the  present  director  became  a  member  of  the  Signal  Corps  and 
ws  placed  in  charge  of  the  work,  and  has  thus  continued  since  December,  1888. 

'Within  the  last  two  years  the  number  of  regularly  reporting  observers  has  grown 
to  %,  a^  but  3  of  whom  are  supplied  with  standard  instruments.  The  monthly 
renorts  of  these  obseryers  (on  Form  1009-Met'l)  are  consolidated  into  a  monthly 
bulletin  and  summary,  printed  at  the  expense  of  the  University  of  Mississippi  and 
the  director.  With  the  above-mentioned  reports  are  consolidated  also  reports 
from  the  regular  Signal  Service  stations  in  ana  adjacent  to  this  State  ( Vicksburg, 
Meridian,  Memphis,  Mobile),  from  the  volunteer  observer  at  Helena,  Ark.,  and 
from  cotton  region  observers  in  this  State  when  obtainable.  The  latter  reports 
are  regularly  received  during  the  crop  season,  and  some  of  the  cotton  region  ob- 
servers (a  varying  number)  act  as  volunteers  during  the  winter  months,  and  for- 
ward direct  reports  during  the  summer.  The  monthly  bulletin  thus  gives  a 
Bummanr  based  on  an  average  of  about  38  reports  from  well-distributed  stations. 
It  is  believed  to  be  a  very  fair  exponent  of  temperature,  rainfall,  and  other 
weather  conditions  in  Mississippi;  185  copies  of  this  bulletin  are  distributed  to  the 
press,  to  State  services,  to  volunteer  observers,  and  to  others  specially  applying 
for  them. 

The  material  out  of  which  these  bulletins  are  being  worked  is  gradually  put  into 
shape  for  publication  as  a  whole,  and  it  is  hoped  that  the  legislature  of  the  State 
will  next  winter  provide  for  its  publication  in  this  shape. 

The  weekly  weather-crop  bulletins  of  this  office,  begun  about  two  years  ago, 
have  continued  to  grow  steadily  in  interest;  180  copies  are  issued  weekly,  about 
half  of  these  being  furnished  to  the  press  in  this  and  surrounding  States.  There 
are  59  reporters  for  this  bulletin  in  the  State.  Interest  in  the  work  has  been  pro- 
moted by  the  issue  of  circulars  from  this  office  to  parties  over  the  State.  The 
reports  are  mostly  directly  from  planters,  and  are  believed  to  give  a  fair  indicar 
tion  of  the  effect  of  the  weather  on  crops. 

Defective  postal  facilities  interfere  with  the  promptness  of  this  service. 

It  is  respectfully  suggested  that  it  is  important  enough  to  warrant  the  expense 
that  woula  allow  the  use  of  the  telegraph  in  transmitting  weekly  reports  to  the 
central  office  from  distant  reporters  in  the  State. 

A  number  of  the  volunteer  observers  of  the  State  have  been  induced  to  co()p- 
erate  with  Mr.  Mally,  the  agent  of  the  U.  S.  Entomological  Bureau  at  Shreve- 
port,  in  the  study  of  the  habits  of  the  cotton  boll-worm. 

This  service  has  been  instrumental  in  creating  a  popular  interest  in  Mississippi 
in  the  forecasts  of  the  national  Service,  particularly  in  frost  warnings.  These 
latter  have  been  of  very  considerable  value  to  the  growers  of  early  vegetables  in 
the  southern  parts  of  the  State.  Parties  engaged  in  these  interests  now  attoncl 
to  the  warnings  of  the  national  Service  frequently  in  a  manner  unthought  of 
three  years  ago. 

There  are  many  towns  in  this  State  reached  by  local  telegraph  or  telephone  lines, 
and  which  can  not,  under  existing  rules,  be  supplied  with  forecasts  at  Govern- 
ment expense.  When  the  local  lines  offer  to  serve  these  communities  gratis 
the  servioe  is  Imperfect.  Many  communities  would  be  profited  if  the  forecasts 
could  be  sent  regularly  over  the  local  lines. 

The  work  of  revising  and  consolidating  reports  and  issuing  bulletins  has  grown 
to  be  quite  large. 

It  is  confidently  believed  that  the  legislature  will  provide  for  publishing  a 
memoir  on  the  weather  and  climate  of  Mississippi  if  the  compilation  of  the  data 
available  can  be  provided  for. 

MISSOURI. 
(OmtralofBce,  Columbia;  Bir.  Levi  Chubbuck,  director:  A.  L.  McRae,  aBslstant  to  the  director.] 

Report  of  the  working  of  the  Missouri  State  weather  service  for  the  year  end- 
iDffJunoaO,  1891: 

The  meteorological  department  of  the  Missouri  State  board  of  agriculture  has 
been  continued  tnroughout  the  year  on  the  same  general  plan  that  was  outlined 
in  last  report. 

'  The  State  legislature  which  met  this  year,  recognizing  the  importance  of  the 
work  doae  hy  tne  board  of  agriculture  for  the  benefit  of  the  people  o(  Ihe  S\a\/&> 
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increased  the  biennial  appropriation  for  the  maintenance  of  the  board  from  $7,200 
to  $24,000,  including  in  this  latter  sum  $1,000  a  year  for  a  State  weather  service. 
This  appropriation  has  not  been  available  long  enough  at  present  to  have  ef- 
fected much  change  in  the  condition  of  the  service,  but  it  will  enable  us  to  make 
great  improvements  in  the  equipment  of  the  service  as  well  as  in  the  facilities 
for  carrying  on  the  work. 

Prof.  Francis  E.  Nipher,  of  Washington  University,  St.  Louis,  whd  organized 
and  conducted  the  Missouri  State  weather  service  for  thirteen  years,  has  turned 
over  his  weather  service  to  the  board  of  agriculture,  which  now  looks  after 
both  the  climatology  of  the  State  and  weather  crop  conditions. 

All  the  available  rainfall  data  for  the  State  was  published  in  the  annual  report 
of  the  board  of  agriculture  for  1890,  and  all  of  the  temperature  and  miscellane- 
ous data,  including  ground  temperatures  at  Genterville,  have  been  published  in 
the  annual  report  for  1891.  The  number  of  voluntary  observers  has  increased 
from  65  to  85,  and  plans  are  being  carried  out  to  increase  this  number  to  150. 

The  weather  forecasts  have  been  displayed  at  about  forty  stations  in  the  State 
during  the  year  and  have  given  genera}  satisfaction. 

The  weekly  weather  crop  bulletin  has  proved  of  the  greatest  value  to  the 
people  of  the  State.  Tie  appreciation  of  its  value  and  importance  is  daily  in- 
creasing. It  is  now  used  by  237  weekly  newspapers,  and  by  15  general  agricul- 
tural newspapers  of  the  country,  and  is  telegraphed  by  the  Associated  Press  to 
the  daily  papers.  It  is  also  mailed  to  many  individuals  and  business  firms  in  the 
State  and  country.  This  service  has  printed  its  weekly  weather  crop  bulletin  since 
the  first  of  the  present  season,  and  has  about  completed  arrangements  by  which 
temperature  and  rainfall  charts  upon  a  map  of  the  State  wiU  be  issued  in  con- 
nection with  the  weekly  bulletin.  After  July  1  it  is  expected  that  facilities 
will  be  such  that  1,000  copies  of  the  bulletin  and  map  can  be  issued  each  week. 

The  thanks  of  this  service  are  due  to  the  press  of  the  State  for  the  valuable 
assistance  it  has  rendered  in  disseminating  the  information  issued  by  the  office ; 
to  the  voluntary  observers,  and  to  the  crop  and  weather  reporteifi  for  the  regu- 
larity and  faithiulness  with  which  they  have  performed  their  labors ;  and  to  the 
Chief  Signal  Officer  for  furnishing  supplies,  for  the  loan  of  necessary  instruments 
and  for  his  hearty  cooperation  and  assistance  in  the  work  of  this  service. 

NEBRASKA. 

[Central  office,  Crete;  Prof.  Goodwin  D.  Swezey,  director;  O.  A.  Loveland,  assistant  to  tbe 

director.] 

The  "  Nebraska  Volunteer  Weather  Service  "  was  organized  in  January,  1878, 
under  the  direction  of  Messrs.  Gilbert  E.  Bailey  and  Wayland  Bailey.  At  the 
outset  monthly  and  quarterly  reports  were  issued  by  duplicating  process.  In  the 
same  year,  or  the  next,  Prof.  S.  H.  Thompson  of  the  State  University  at  Lincoln 
assumed  direction.  Beginning  with  June,  1879,  the  monthly  and  annual  bulle- 
tins were  printed. 

In  August  1884,  the  present  director.  Prof.  G.  D.  Swezey,  assumed  charge,  and 
Boswell  Observatory  of  Doane  College,  at  Crete,  was  made  the  central  office.  At 
this  time  there  were  45  stations,  nearly  all  in  the  southeastern  quarter  of  the 
State.  To  begin  with,  the  reports,  from  the  beginning  of  the  service,  most  of 
them  made  by  untrained  observers,  were  overhauled  and  revised,  many  discarded 
as  untrustworthy,  and  the  remainder  tabulated  and  averaged  to  serve  as  a  founda- 
tion of  a  reliable  knowledge  of  the  progress  of  weather  changes  in  the  State. 
Beginning  with  January,  1887,  a  monthly  precipitation  chart,  in  colors,  was  issued 
by  duplicating  process  to  accompany  the  monthly  bulletins.  Beginning  with 
April,  1891,  engraved  maps  have  taken  the  place  oi  those  by  duplicating  prooess. 

During  the  early  years  of  the  service  there  was  little  or  no  increase  in  the 
number  of  stations,  which  remained  at  about  forty.  During  the  last  five,  years 
the  service  has  had  the  valued  assistance  of  a  member  of  the  Signal  Corps  de- 
tailed by  the  Chief  Signal  Officer  to  assist  the  director  of  the  State  weather 
service.  This,  together  with  the  liberal  x)olicy  of  the  Signal  Office  in  furnish- 
ing thermometers  and  rain-gauges  during  the  fast  three  years  for  distribution  to 
oli^rvers,  has  made  it  possible  to  secure  ^ditional  observers  and  so  to  extend  the 
service.  Especial  efforts  have  been  directed  towards  a  better  covering  of  the 
newer  parts  of  the  State  with  observers;  of  the  six  nearly  equal  sections  into 
which  the  State  is  divided,  no  one  has  less  than  six  stations  of  the  seventy-three 
now  reporting. 

Until  the  present  year  no  assistance  has  been  received,  either  from  the  State  or 
from  any  org&Jiiz&ilon  in  the  State,  other  than  the  colleg^  with  which  the  oentnd 
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office  is  connected.  At  its  last  annual  meeting  the  State  Board  of  Agfriculture 
made  the  director  of  the  weather  service  one  of  its  officers,  ^^Meteorologist  of 
the  board,**  with  a  fund  of  $100  a  year  to  defray  some  of  the  expenses  of  engrav- 
ing and  printing.  This  has  made  possible  the  proper  illustration  of  the  reports 
by  engraved  weather  maps,  and  a  wide  distribution  of  them  as  published  in  the 
Annual  Report  of  the  State  Board  of  Agriculture,  and  also  in  pamphlet  form. 
The  monthly  and  annual  bulletins  have  also  been  published  in  full  by  the  Ne- 
braska State  Journal,  one  of  the  leading  dailies  of  the  State,  and  extracts  from 
these  bulletins  have  been  published  by  many  other  papers. 

During  the  present  year  the  weekly  weather  crop  bulletin  has,  for  the  first 
time,  been  printed,  instead  of  issued  by  duplicating  process.  This  has  made  it 
posfdble  to  secure  its  better  distribution  and  republication.  It  is  now  printed  in 
most  of  the  dailies  and  in  many  of  the  weeklies  of  the  State. 

This  station  has  cooperated  with  the  State  experiment  station  in  the  study 
of  the  sugar-beet  industry,  which  is  making  so  large  a  promise  in  Nebraska. 
Besides  the  data  furnished  by  tiie  regular  obidrvers,  those  of  the  substations  es- 
tablished for  the  purpose  of  making  special  experiments  upon  this  industrv  have 
been  compiled  at  the  office  and  the  results  furnished  to  the  director  of  the  ex- 
I)erhnent  station. 

As  to  the  degree  to  which  the  work  has  been  appreciated  by  the  people  of  the 
State,  it  is  perhaps  sufficient  to  refer  to  the  large  and  increasing  demand  for 
monthly  ana  weeklv  bulletins  by  the  press  of  the  State ;  to  the  official  recogni- 
tioii  of  the  service  oy  the  State  Board  of  Agriculture ;  the  interest  manifested 
by  tlie  Burlington  and  Missouri  River  Railroad  in  Nebraska,  which  furnishes  re- 
ports from  ten  of  its  stations,  and  the  cooperation  of  the  experiment  station  in 
the  study  of  important  industrial  problems. 

As  to  the  work  of  the  service  during  the  fiscal  year,  there  is  little  to  add  that 
has  not  already  been  set  forth  in  the  historical  statement  just  made.  The  service 
has  remained  under  the  same  management  and  with  the  same  Signal  Service  as- 
sistant (Mr.  G.  A.  liOveland)  as  for  the  past  three  years. 

NEVADA. 

[Central  ofBoe,  Carson  City;  Mr.  Charles  W.  FYiend,  director;  Ford  A.  Carpenter,  assistant  to 

the  director.] 

The  following  is  the  report  of  the  Nevada  State  weather  service  for  the  year 
ending  June  30, 1891 : 

On  the  fifteenth  day  of  each  month  a  weather  review  is  issued,  and  this  publi- 
cation, in  addition  to  the  regular  amount  of  meteorological  data  common  to  such 
reports,  is  accompanied  by  a  chart  and  two  weather  maps.  The  chart  represents, 
in  graphic  form,  the  average  and  monthly  precipitation  and  temperature.  The 
weather  maps  are  similar  to  those  issued  by  the  general  service ;  one  containing 
rainfall  data,  the  areas  of  precipitation  being  drawn  over  the  face  of  the  map, 
while  the  other  map  was  devoted  to  the  temperature  and  to  the  prevailing  wind 
direction  at  each  station.  This  monthly  publication,  presenting  the  weather 
conditions  of  the  State,  has  been  received  with  manifest  interest  by  farmers, 
grazers,  and  others  interested  in  the  agricultural  development  of  Nevada,  and 
with  the  approval  of  the  press  and  scientific  men. 

During  me  past  year  tne  following  changes  have  been  made  in  the  detail  of 
the  assi^Ants  furnished  by  the  Chief  Signal  Officer,  and  appointed  in  connection 
with  the  State  weather-service  work :  Sergt.  H.  E.  Wilkinson  was  relieved  on 
the  26th  of  October,  1890,  by  Sergt.  D.  C.  Grunow,  who  remained  in  charge  until 
the  8th  of  June,  1891,  when  he  was  succeeded  by  Mr.  Ford  A.  Carpenter,  who  is 
at  present  assistant  director. 

There  are  thirty  voluntary  observers  who  report  to  this  office. 

Too  much  praise  can  not  be  accorded  these  willing  helpers  who  give  their  en- 
thusiastic attention  to  the  work. 

This  service  is  now  on  well-known  and  established  foundations,  and  is  sure  to 
keep  step  with  if  not  in  advance  of  the  rapid  progress  of  the  State. 

NEW  ENGLAND. 

[Osatral  office,  Cambridge,  Mass.;  Prof.  W.  M.  Davis,  director;  J.  Warren  Smith,  assistant  to 

the  director.] 

The  New  England  Meteorological  Society  was  formed  in  1884  with  the  object 
of  oollecting  meteorological  data  for  New  England,  and  serving  such  purposes 
pB  are  filled  1^  the  state  weather  services,  then  established.in  various  States^  as 
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well  as  to  advance  the  interests  of  meteorological  science.  The  first  monthly 
bulletin  was  issued  by  the  council  in  Noveml^r,  1884,  with  45  observers.  The 
number  rapidly  increased  until  140  reports  were  received  in  February,  1886; 
since  then  the  number  has  maintained  a  nearly  constant  value .  In  the  early  purt  of 
1885  the  work  of  distributing  weather  signals  in  different  parts  of  New  England 
was  undertaken,  and  at  this  time  Gen.  W.  B.  Hazen,  Chief  Signid  Officer,  de- 
tailed Private  O.  N.  Oswell  to  aid  the  director  of  the  society  in  its  corresplond- 
ence  and  tabulations.  Mr.  Oswell  was  relieved  on  October  1,  1888,  being  suc- 
ceeded by  Sergt.  Park  Morrill.  Mr.  Morrill  was  relieved  on  March  6, 1889,  to 
attend  the  Paris  Exposition,  and  until  May  22,  1889,  the  work  was  in  charge  of 
Sergt.  J.  W.  Smith,  observer  Boston  Signal  Office.  He  was  relieved  by  Seret. 
L.  G.  Schultz,  who  remained  with  the  society  until  February  28, 1890,  when  he 
.  resigned,  and  again  Sergt.  J.  W.  Smith  was  temporarily  in  chars^e.  He  was  suc- 
ceeded on  Apru  18,  181K),  by  Private  J.  Warren  Smith,  who  &  still  with  the 
society. 

Prof.  W.  H.  Niles  has  been  president  of  the  society  since  its  formation; 
Profs.  Winslow  Upton  and  W.  M.  Davis  have  alternated  with  each  other  in  the 
offices  of  director  and  secretary.  Other  members  of  the  council  have  been  Des- 
mond Fitzgerald,  C.  E.;  E.  B.  Weston,  0.  E.;  A.  Lawrence  Botch;  F.  V.  Pike. 
The  mem&rship  in  the  society  has  numbered  about  ninety.  Three  regular 
meetings  are  held  each  year,  at  which  subjects  of  meteorological  interest  are 
discussed;  reports  of  most  of  these  meetings  have  appeared  in  the^  American 
Meteorological  Journal. 

The  society  has  been  almost  alone  among  the  State  weather  servioes  in 
undertaking  original  investigations  of  meteorological  phenomena.  The  distri- 
bution of  rainfaU  in  cyclonic  storms  in  New  England;  the  occur renoeof  thunder^ 
storms,  and  the  action  of  the  sea-breeze  on  the  Massachusetts  coast  have  been 
examined,  and  the  results'published. 

The  work  for  the  past  year  has  been  in  charge  of  the  director,  Prof.  W.  M. 
Davis,  with  private  J.  Warren  Smith,  Signal  Corps,  as  assistant.  The  office  of 
the  society  was  moved  last  September  into  much  more  spacious  and  newer  quar- 
ters in  the  new  University  Museiun  building.  The  work  during  the  year  has 
been  much  the  same  as  in  former  years.  Regular  observations  of  the  climatic 
elements  have  been  continued,  reports  being  received  from  about  one  hundred 
an^d  forty-five  observers,  and  the  results  published  in  the  monthly  bulletins. 
The  advance  sheet,  giving  a  short  history  of  the  weather  conditions,  has  been 
issued  on  the  4th  of  each  month  during  the  year,  and  mailed  to  about  seventy- 
five  newspapers.  The  list  of  stations  remains  about  the  same,  few  changes  having 
been  made.  The  Harvard  College  Observatory  has  taken  up  the  work  of  fur- 
nishing instruments  in  desirable  locations,  and  several  new  stations  have  thus 
been  established  near  the  end  of  the  year. 

The  annual  report  and  investigations  of  1889  was  published  during  the  year, 
and  that  for  1890  is  now  nearly  ready  for  the  press.  It  will  contain  the  reprint 
of  the  tables  from  the  bulletins  and  a  set  of  tables  and  review  for  the  year.  In 
the  same  volume  there  will  appear  an  account  of  the  Lawrence  tornado  of  July 
26,  1890,  by  H.  F.  Mills  and  H.  H.  Clayton;  an  essay  on  the  Cvlonic  Phenomena 
In  New  En£fland  by  Prof.  Winslow  Upton,  of  Browns  University,  and  a  five-year 
normal  table  of  all  temperature  and  precijpitation  records  in  New  England  by  J. 
Warren  Smith.  This  table  will  contain  over  three  hundred  temperature  and 
precipitation  pentads,  and  will  include  many  records  taken  before  the  year  1800. 
This  table  has  been  made  much  more  complete  through  the  kindness  of  Ihe 
Chief  Signal  Officer,  who  has  sent  copies  of  a  good  many  old  records.  Much 
time  and  care  has  been  taken  to  make  the  table  as  complete  and  accurate  as  pos- 
sible, and  it  is  hoped  that  it  will  prove  of  interest  to  the  science  of  meteon^^. 
The  work  at  present  in  hand  in  the  office  of  the  society  is,  first,  the  prejMuration 
of  the  monthly  bulletin;  second,  the  issuing  of  the  weekly  crop  report;  third, 
the  preparation  of  the  annual  report  and  investigations;  fourth,  the  reduction 
of  tne  thunder-storm  observations  made  in  1886  and  1887,  which  was  discon- 
tinued last  fall  to  take  up  the  work  on  the  pentad  table.  All  the  above  work  is 
performed  by  the  assistant  under  the  advice  of  the  director.  About  twelve  days 
each  month  are  given  to  the  bulletin,  including  in  this  preparation  from  we 
observers'  reports,  proof-reading  and  mailing;  the  crop  reports  and  bulletins 
consume  a  little  more  than  one  day  each  week,  reports  being  received  from  one 
hundred  and  eighty-six  observers.  A  double-sheet  bulletin  is  issued  every  Sat- 
urday and  maile^d  to  exchanges,  observers,  newspapers,  granges,  etc.  About 
seventy-five  papers  have  expressed  a  desire  for  these  bulletins  In  rTew  EngUuad 
and  New  York,  and  they  either  print  the  bidletins  in  full  or  extracts  frommcaii. 
The  balance  of  the  month  is  given  to  the  original  Work  of  the  society. 
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The  number  of  weather  signal  display  stations  has  variod  somewhat  during 
the  year,  but  at  the  end  of  tne  year  there  are  twenty-two  stations  receiving  the 
forecasts,  including  the  regular  Signal  Service  stations,  besides  several  that 
have  been  discontinued  durhi^  the  summer.  In  their  reports  to  this  oftice  they 
give  a  high  percentage  of  verification  and  express  general  satisfaction  with  the 
results. 

NEW  JERSEY. 

[Osntral  office,  New  Bronswlck;  £.  W.  McGann,  director.] 

The  New  Jersey  State  Weather  Service  was  reorganized  imder  State  patron- 
age for  the  first  time  on  October  27, 1890,  in  accordance  with  bill  passed  by  the 
legislature  and  approved  by  the  Governor  on  June  19,  the  full  text  of  which  was 
published  in  the  uust  annual  report.  The  following  is  the  personnel  of  the  board 
of  directors:  James  Neilson,  esq.,  director  of  the  New  Jersey  State  Experiment 
station,  president;  £.  B.  Vorhees,  professor  of  agriculture,  treasurer;  Byron 
D.  Halstead,  professor  of  botany  and  horticulture,  and  E.  W.  McGann,  secretary 
and  director. 

At  the  first  meeting  of  the  board,  held  on  October  27, 1890,  the  observer  was 
authorized  to  purchase  from  Queen  &  Co.,  of  Philadelphia,  22  sets  of  instruments 
(maximum  ana  minimum  thermometers),  22  rain  gauges,  and  25  measuring  sticks, 
as  provided  for  in  the  act,  and  to  personally  select  such  voluntary  observera 
throughout  the  State  as  deemed  expedient  for  the  success  of  the  organization. 
In  aooordanoe  with  these  instructions  the  instruments  were  procured  and  by 
May  1, 1891.  the  following  stations  were  established  and  the  observers  personally 
instructed  in  the  management  of  the  instruments,  reading  and  recording  the 
observations,  etc.:  Blairstown.  Bel videre, Camden,  Dover,  Franklin ville,  Hights- 
town,  Lancewood,  Mount  Holly,  Newton,  Paterson,  Pochunk  Mountain,  Salem, 
Somerville,  and  Vineland.  In  addition  to  the  above  the  following  stations  have 
been  furnished  with  instruments  to  replace  those  other  than  standard:  Lambert- 
ville,  Tenafly,  Imlaystown,  Bridgeton,  Billingsport,  Moorestown,  Madison,  and 
Cape  May. 

At  the  close  of  the  last  annual  report  there  were  39  stations  regularly  commu- 
nicating with  this  office.  During  the  year  5  were  discontinued,  mostly  owing  to 
the  failure  on  the  part  of  the  ob^rver  to  furnish  reports.  There  are  at  present 
46  stations ;  of  these  4  are  equipped  by  the  U.  S.  Signal  Office,  14  are  furnished 
at  the  personal  expense  of  observers,  and  the  remainder  have  been  supplied  by 
the  central  office.  This  gives  a  net  gain  over  last  year  of  7,  and  an  actual  rein- 
foroement  of  11. 

Each  of  the  above  observers  furnish  this  office  with  the  original  copy  of  obser- 
vations made  during  the  month  of  ivhich  it  is  a  record.  These  reports  are  care- 
fully examined,  summarized,  and  published  as  a  monthly  bulletin  of  the  New 
Jersey  State  Weather  Service. 

The  meteorological  data  furnished  by  the  service  duringthe  vear  have  already 
proved  of  much  vsdue  to  the  State  geological  survey.  The  chief  engineer  de- 
clares that  the  data  furnished  at  his  request  (monthly  mean  temperature  and 
daily  precipitation  at  selected  stations  for  the  years  1889  and  1890)  were  invalu- 
able in  completing  the  record  desired  of  the  rise  and  flow  of  streams  and  their 
consequent  power  for  supplying  the  cities  of  the  State  with  water  for  domestic 
and  manufacturing  purposes. 

The  most  notioeable  feature  of  the  work  during  the  year,  and  one  which  has 
been  most  appreciated  by  the  farmers  of  the  State,  is  the  weekly  weather-crop 
bulletin,  which  has  been  issued  regularly  from  the  central  office  every  Saturday 
'during  tne  growing  season.  These  bulletins  contain  reliable  reports  from  observers 
(most^  faraiers)  in  pearly  all  the  agricultural  districts  of  the  State,  giving  the 
pirevailiDg  weatner  conditions  of  the  week  and  their  effect  on  the  growing  crops. 
The  issue  b^an  with  300  copies,  but  the  demand  was  so  great  that  it  rapidly  in- 
creased to  1,W)0,  and  this  number  was  inadequate  to  supply  the  almost  daily  re- 
quests for  copies  of  this  bulletin. 

These  bulletins  were  published  by  nearly  all  the  leading:  daily  and  weekly 
newspapers  of  the  State,  and  by  the  great  daQies  of  New  YorK  and  Philadelphia. 
Copies  were  also  furnished,  by  request,  to  boards  of  trade  in  some  of  the  most 
prominent  cities  of  the  Union  and  in  the  British  provinces.  The  benefits  to 
the  farmers  of  our  State  resulting  from  the  wide  publicltv  of  crop  reports  can  not 
be  measured  by  dollars  and  cents.  It  ia  now  impossible  for  the  shai^  speculator 
to  misrepresent  successfully  the  actual  crop  situation  in  order  to  depress,  tem- 
porarily, the  prioes  unUl  he  can  obtain  possession  of  larger  portions  ot  saJWl^ 
cropa. 
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At  the  request  of  the  Secretary  of  the  New  Jersey  Cranberry  Growers*  Afiso^ 
elation  the  followincr  points  were  selected  to  receive  frost  warnings  in  the  in- 
terest of  the  cranberry  growers  of  the  State:  Haddonfield,  Kirk  wood,  Berlin, 
Atco,  Winslow,  Hammonton,  Elwood,  Pomona,  Abseoon,  Egg  Harbor  City, 
Waterford,  New  Lisbon,  Pemberton,  Ti-enton,  Atsion,  Winslow  Junction,  Hor- 
nerstown,  New  Eg-ypt,  Vincentown,  Jamesburg,  Tom*8  River,  ShamoQg,  Lake- 
wood,  Millville,  Vmeland,  Medford,  Tuckahoe,  and  Farmingdale. 

With  the  cooperation  of  the  National  Service  (which  furnishes  by  telec^ph, 
free  of  expense,  the  daily  weather  indications,  frost  warnings,  and  cold-wav« 
signals)  these  stations  have  been  established:  Bridge  ton,  Egg  Harbor  City,  New 
Brunswick,  Orange,  Plainfield,  Rahway,  Trenton,  Englewood,  Madison,  West- 
field,  Cape  May  Point,  Long  Branch,  ±^almyra,  Newton,  Camden,  and  Somer- 
ville. 

NEW  YORK. 
[Central  offlce,  Ithaca;  Prof.  E.  A.  Fuertes,  director;  R.  M.  Hardinge,  assistant  to  the  director.] 

R^um6  of  the  operations  of  the  New  York  Meteorological  Bureau  during  the 
past  fiscal  year,  and  also  a  brief  account  of  its  establishment  and  previous  work. 

During  the  year  1888  the  present  director,  not  being  able  to  obtain  an  appro- 
priation from  the  State  to  meet  the  expenses  of  a  weather  service,  decidea  to 
start  a  provisional  organization,  and  accordingly,  in  September,  1888,  meteoro- 
logical reports  were  collected  at  the  central  office  from  such  observers  as  had 
been  supplied  with  instruments  by  the  Chief  Signal  Officer,  or  by  private  purchase. 
During  the  same  month  Mr,  I.  W.  Brewer,  of  the  Signal  Corps,  was  detailed  to 
serve  by  the  Chief  Signal  Officer. 

The  number  of  voluntary  observers  in  the  State  reporting  upon  temperature 
and  rainfall  has  been  increased  during  the  existence  of  the  service  from  20  in 
September,  1888,  to  75  in  Jime,  1891.  In  addition  to  this  number,  reports  are  re- 
ceived from  6  Signal-Service  stations  within  the  State,  and,  through  the  cour- 
tesy of  the  Surgeon-General,  from  12  military  posts.  These,  wiu  32  special 
rainfall  stations,  make  a  total  of  111  meteorological  stations  reporting  to  the  cen- 
tral office.  Only  7  stations  have  been  discontinued  during  the  existence  of  the 
service. 

The  number  of  display  stations  receiving  the  daily  telegraphic  forecasts  from 
Washington  is  now  3^ ;  but  this  number  bv  no  means  represents  all  the  stations 
displaying  forecasts.  Many  displaymen  obtain  their  indications  from  the  AiBSO- 
ciated  Press  dispatches,  or  from  the  daily  weather  maps  issued  from  New  York 
City  and  Buffalo. 

In  addition  to  the  regular  work  involved  in  the  publication  of  meteorological 
and  crop  reports,  this  office  has  undertaken  a  thorough  investigation  ana  re- 
duction of  all  the  available  data  upon  the  meteorology  of  New  York,  especiidly 
with  a  view  to  the  determination  of  temperature  and  precipitation  normals.  A 
reduction  of  the  data  obtained  from  10  thermographs  now  located  in  various  por- 
tions of  the  State  will  be  undertaken  as  soon  as  the  year's  records  are  complete. 

The  meteorological  and  crop  renorte  of  the  Bureau  have  met  with  a  very  favor- 
able reception  by  the  general  public,  and  also  by  the  press  of  the  State,  which 
very  frequently  has  published  copious  extracts  from  the  rei)orts.  This  office  also 
has  frequent  requests  for  special  information  from  the  State  engineer,  the  ccuial 
department,  city  water  boards,  city  boards  of  health,  engineers,  commission 
merchants,  farmers,  and  physicians.  The  data  obtained  by  the  service  is  aiao 
often  used  as  evidence  in  legal  cases. 

The  director  has  received  the  effective  assistance  of  Messrs.  I.  W.  Brewer,  I. 
G.  Gardiner,  and  R.  M.  Hardinge,  who  have  oeen  successively  detailed  to  the 
service  since  its  organization.  The  commissioners  desire  to  acknowledge  their 
indebtedness  to  the  national  Service  for  the  valuable  aid  rendered  in  thfi  and  in 
many  other  directions. 

On  the  15th  of  October,  1888,  the  first  meteorological  summarv  of  the  servioe 
was  published,  the  data  being  furnished  by  twenty  voluntanr  observers  and  26 
display  stations.  During  the  following  winter  and  spring  15  hew  stations,  were 
established,  the  equipment  being  kindly  furnished  by  the  national  Servioe,  ex- 
cepting in  a  few  cases  where  standard  instruments  were  not  used.  On  March  23, 
1889,  the  first  crop  bulletin  of  the  servioe  was  published,  by  cyclostyle  process, 
embodying  information  furnished  by  twenty-six  correspondents,  representing 
12  counties.  This  publication  at  once  met  with  general  favor  and  received  a 
wide  publicity  through  the  press  of  the  State. 

On  April  15, 1889,  the  State  legislature  passed  an  act  establishing  a  State  M^' 
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teorological  Bureau  and  Weather  Service.  The  commission,  orgfanized  in  Juno 
of  that  year,  and  atill  holding  office,  is  as  follows:  President,  Hon.  A.  S.  Draper; 
director,  Prof.  E.  A.  Fuertes;  treasurer,  Hon.  Simoon  Smith.  During  the  sum- 
mer and  fall  instruments  were  purchased  and  tested,  and  new  stations  were  estab- 
lished as  rapidly  as  observers  could  be  found  in  the  proper  localities.  During 
the  spnnff  and  summer  of  1890,  forty  special  rainfall  stations  also  were  estab- 
lished, and,  in  addition  to  these,  nine  stations  were  equipped  with  thermographs, 
mainl^  for  the  purpose  of  making  a  detailed  comparison  of  the  temperature 
conditions  upon  the  nill  summits  and  in  the  adjacent  valleys. 

NORTH  CAROLINA. 

[Oentnl  offloe,  Raleigh;  Dr.  H.  B.  Battle,  director;  C.  F.  von  Herrmann,  assistant  to  the 

director.] 

The  following  is  the  annual  report  of  the  operations  of  the  North  Carolina 
State  weather  service  for  the  year  ending  June  30, 1891: 

Durinfi^  the  past  year  the  State  weather  service  has  continued  its  work  on 
substantially  the  same  plan  as  indicated  in  preceding  reports.  The  more  prac- 
tical part  of  the  work  is  the  distribution  of  the  weather  and  temperature  fore- 
casts to  various  points  in  the  State.  Until  the  Ist  of  December,  Charlotte  con- 
tinued to  be  the  center  for  distributing  these  telegrams,  but,  believing  that 
greater  promptness  could  be  secured  if  the  work  were  under  the  immediate  con- 
trol of  the  director,  the  distributing  center  was  transferred  on  December  1, 1890, 
to  the  central  office  at  Raleigh.  At  the  end  of  the  year  forecasts  were  being 
telegraphed  to  twenty-six  places.  It  is  evident  that  the  number  of  display  sta- 
tions is  too  small  to  cover  the  large  area  of  the  State,  and  that  the  mass  of  the 
people,  especially  farmers,  do  not  derive  as  much  benefit  from  the  forecasts  as 
might  be  possible  with  a  better  system  of  distributing  them.  Prof.  Francis  £. 
Nipher  his  c^ed  attention  to  the  fact  in  a  recent  paper  on  the  State  weather 
service,  read  in  Jefferson  City,  Mo.,  in  January,  1891,  and  has  expressed  the 
opinion  that  when  the  present  broad  patents  on  the  telephone  expire,  the  effect 
will  be  to  decrease  telephone  rates  in  small  cities  so  that  farmers  can  afford  to 
use  them.    Forecasts  could  then  be  widely  distributed  by  telephone. 

In  order  to  secure  the  best  results  in  connection  with  such  a  system,  the  director 
at  the  centi^  office  of  the  local  weather  service  should  bo  authorized  to  issue 
forecasts  for  his  State  only^  and  it  is  probable  that  thus  a  higher  degree  of  accu- 
racy can  ultimately  be  attamed.  At  present  forecasts  are  telegraphed  to  stations 
where  they  are  displayed  by  a  system  of  flags,  which  is  simple  enough  and  easily 
understood.  The  cost  of  flags,  nowever,  deters  many  from  applying  for  the  fore- 
casts. As  the  State  weather  service  is  an  entirely  voluntary  organization,  and 
at  present  receives  no  support  from  the  State,  flags  can  not  be  furnished. 

The  weekly  weather  crop  bulletin  of  this  service  was  issued  during  the  year 
1890  from  April  to  October,  and  was  resumed  again  on  April  24,  1891.  More 
than  seven  hundred  copies  are  required  to  supply  the  demand.  The  extent  of 
distribution  may  be  inferred  from  the  fact  that  copies  are  sent  to  the  Cotton 
Exchange,  New  York,  New  Orleans,  Shreveport,  La.;  the  Board  of  Trade,  Mem- 
phis, Tenn.,  to  every  paper  in  the  State,  to  all  correspondents,  and  to  many 
others.  During  the  present  season  the  list  of  crop  correspondents  will  bo  greatly 
increased.  It  fi  desired  to  have  a  reporter  at  every  post-office  receiving  a  daily 
mail  in  the  State.    At  present  writing  the  number  of  correspondents  is  200. 

The  crop  season  in  1890  was  one  of  the  most  productive  in  many  years.  The 
yield  of  cotton  and  tobacco  especially — the  staple  crops  of  the  State— was  unu- 
sually large.  This  was  in  great  part  due  to  the  very  early  beginning  made  by 
farmers  in  preparing  the  land  and  sowing  the  soea,  owing  to  the  mild  winter 
preceding,  and  to  the  very  slight  damage  done  by  insects  during  the  year.  The 
yield  of  fruit,  however,  owing  to  the  severe  frost  in  March,  after  the  mild  win- 
ter had  prematurely  developed  the  buds  of  fruit  trees,  was  much  bolow  the  aver- 
age. Tne  season  of  1891  began  very  unfavorably.  Too  much  rain,  lack  of  sun- 
shine, and  deficiency  of  temperature  have  combined  to  put  farm  work  in  many 
places  weeks  behindhand.  Cotton  will  hardly  yield  an  average  crop  even  with 
a  late  and  very  favorable  fall.    The  prospect  for  fruit  is  much  better. 

Reports  have  been  utilized  during  the  year  from  forty-six  meteorological  sta- 
tions, which  includes  ten  Signal  Service  and  ten  cotton  region  and  rainfall 
stations.  The  reports,  embracing  barometer  readings,  temperature,  rainfall, 
humidilyi  direction  of  the  wind,  state  of  the  weather,  and  miscellaneous  phe- 
nomena, are  tabulated  each  month,  and  published  as  bulletins  of  the  North  Car- 
olina agricultural  experiment  station.    The  series  of  bulletins  for  the  year 
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1890  contain  a  complete  record  of  the  various  elements  of  climate  for  that  {period. 
Each  monthly  bulletin  contains  a  brief  summary  of  the  weather  during  the 
month ;  tabulated  data,  including  tables  of  maximum  and  minimum  tempera- 
tures ;  daily  mean  temperatures ;  rainfall ;  tables  of  comparative  data  for  pre- 
vious years ;  also  miscellaneous  notes  furnished  by  individual  observers,  con- 
cerning various  phenomena.  The  tables  of  comparative  data  published  in  the 
bulletins  for  1891,  include  climatic  features  for  the  past  ten  years.  Oooasionally 
articles  of  more  general  interest  are  published.  Bulletins  are  sent  to  any  one 
making  application  for  them.  Copies  are  furnished  to  the  observers  of  the 
service,  to  many  newspapers,  and  to  other  weather  services  in  exchange.  An 
annual  report  is  also  printed  giving  a  r^um6  of  the  observations  taken  at  all 
stations  during  the  year. 

An  attempt  was  made  during  the  year  to  increase  the  number  of  meteorologi- 
cal stations.  A  special  letter  was  sent  to  many  teachers  in  the  State  invitmg 
their  attention  to  the  subject  of  meteorology  as  a  means  of  training  pupils  to 
habits  of  exact  observation  of  the  natural  phenomena  which  are  constantly 
occurring,  and  which  should  be  systematically  recorded  in  order  that  an  accurate 
knowledge  may  be  obtained  of  tne  data  from  which  are  deduced  the  laws  gov- 
erning climatic  changes.  Severi^  replies  were  received  and  a  number  of  gen- 
tlemen have  been  supplied  with  standard  instruments,  loaned  by  the  signal 
office,  and  are  now  reporting  regularlv  to  the  central  office. 

Many  observers  have  continued  their  observations  with  great  regularity 
throughout  the  entire  year.  There  is  no  higher  mark  of  patriotism  than  the 
willingness  to  devote  part  of  one's  time  and  labor  to  the  service  of  the  State. 
without  expectation  of  any  recompense.  It  is  to  be  hoped  that  the  State  wUl 
ultimately  appreciate  their  services  to  the  extent  at  least  of  appropriating  suffi- 
cient funds  to  furnish  voluntary  observers  with  the  necessary  instruments,  for 
which  they  should  be  put  to  no  expense  whatever. 

Sergt.  C.  F.  von  Herrmann,  Signal  Corps,  has  continued  as  assistant  to  the 
director  during  the  past  year.  The  director  desires  to  express  his  appreciation 
of  Mr.  von  Herrmann's  active  and  energetic  interest  m  all  matters  pertaining  to 
the  weather  service. 

The  earliest  attempt  to  keep  a  systematic  record  of  climatic  data  through- 
out the  State  of  North  Carolina  was  made  by  Prof.  W.  C.  Kerr,  State  p^eologlst. 

In  reply  to  the  circular  letter  of  April  11, 1881,  issued  by  the  Chief  Signal  Offi- 
cer, Prof.  Kerr,  under  date  of  April  29,  1881,  wrote  as  follows : 

"  By  reference  to  the  *  Greology  of  North  Carolina,'  1875,  Vol.  I,  p.  70,  you  will  see 
a  list  of  the  stations,  32  in  number,  where  observations  have  been  secured.  I  am 
now  publishing  Vol.  n,  in  which  I  shall  have  about  40  stations.  This  office  has 
for  ten  years  furnished  blanks,  instruments,  envelopes,  postage,  and  instructions 
to  observers,  whenever  they  could  be  obtained,  and  in  a  few  cases  has  paid  a 
small  sum,  $1  or  $2  a  month.  But  not  half  the  persons  furnished  with  appliances 
continued  to  make  observations  more  than  a  few  weeks  or  months.  I  furnished 
a  rain  gauge  and  thermometer  with  blanks,  and  about  a  dozen  with  hygrometers, 
Winlock's  hydrophant. 

**  Now  I  shall  be  glad  of  any  assistance  or  suggestions  looking  to  a  more  oom- 
plete  and  effective  service.  The  p^ovemor  will  use  his  influence  to  aid  in  secur- 
ing observations  at  several  public  institutions  soon  to  be  completed;  but  it 
seems  impossible  to  secure  observations  in  many  counties,  and  even  whole  re- 
gions, without  some  additioni^  inducements." 

The  records  for  the  second  volume  of  Prof.  Kerr's  Geologv,  above  referred 
to,  were  never  published,  nor  have  the  observations  which  continued  to  be  taken 
at  many  places  after  1875  been  tabulated.  Many  of  these  records  have  but  re- 
cently come  into  possession  of  the  State  weather  service,  and  will  be  prepared 
for  publication  as  soon  as  possible.  The  report  in  Prof.  Kerr's  first  volume  is 
quite  complete,  and,  though  based  in  many  cases  on  insufficient  data,  is  a  valu- 
able contribution  to  the  climatology  of  North  Carolina. 

The  offer  of  assistance  and  sugp^estions  of  the  Chief  Signal  Officer,  looking  to  a 
more  complete  service  at  that  time,  led  to  no  result.  After  1875  no  further  in- 
terest seems  to  have  been  taken  in  the  continuation  of  the  meteorological  work, 
and  observations  were  gradually  discontinued  at  nearly  all  stations,  until  the 
matter  was  taken  up  by  the  North  Carolina  board  of  agriculture  in  1886.  At 
its  July  meeting  in  that  year  the  board  resolved,  if  facilities  could  be  obtained, 
to  estaolish  a  fully  equipped  weather  station  in  connection  with  the  experiment 
station.  The  commissioner  of  agriculture  was  instructed  to  lay  the  petition  of 
the  board  for  assistance  before  the  Chief  Signal  Officer,  who  gave  a  prompt  and 
favorable  reply,  promising  to  detail  an  experienced  weather  observer  and  to 
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equip  one  full  signal  station.  Subsequently,  Dr.  Charles  W.  Dabney ,  jr. ,  director 
of  the  experiment  station,  organized  the  weather  service  as  a  separate  division, 
and  the  Chief  Signal  Omcer  detailed  a  regular  observer,  Sergt.  William  O. 
Bailey,  Signal  Corps,  as  assistant.  By  the  1st  of  January,  1887,  thirty-nine  vol- 
untary obMrvers  tnroughout  the  State  were  reporting  to  the  central  office  at 
Baleigh.  The  reports  were  tabulated  and  printed  each  month  in  the  bulletin  of 
the  State  Department  of  Agriculture. 

The  North  Carolina  weaUier  service  continues  to  be  an  entirely  voluntary  or- 
ganization under  the  control  and  at  the  expense  of  the  experiment  station.  No 
money  has  been  appropriated  by  the  State  for  its  support.  The  bulletins  and  re- 
ports, including  the  monthly  meteorological  bulletins,  weekly  weather  crop  bulle- 
tin, and  annual  rei)ort,  are  published  separately  in  greatly  improved  form.  Dr.  H. 
B.  Battle  became  director  in  September,  1887,  under  whose  direction  the  weather 
service  was  materially  improved,  and  fully  organized  as  the  meteorological  di- 
vision of  the  experiment  station.  Dr.  Battle  suggested  the  publication  of  the 
weekly  weather  crop  bulletin  in  its  present  form,  which  was  commenced  in  that 
year.  During  the  past  two  years  much  greater  interest  has  been  taken  in  the 
suooess  of  the  service  by  the  public  generally,  and  the  benefits  derived  from  it 
are  more  fully  understood  and  appreciated.  H.  McP.  Baldwin,  Signal  Corps,  was 
detailed  as  assistant  in  1887,  and  relieved  in  August,  1889,  by  Sergt.  C.  F.  von 
Herrmann,  Signal  Corps,  meteorologist. 

The  service  nas  been  developed  with  a  view  primarily  to  the  interests  of  the 
farmer.  It  can  not  be  denied  that  the  state  of  the  weather  is  a  most  important 
factor  in  farming.  The  success  of  failure  of  a  crop  is  nearly  always  attributed  to 
the  favorable  or  imfavorable  effect  of  the  weather.  Yet  until  recently  it  was 
hardly  thought  that  the  study  of  the  subject  would  yield  much  of  practical  utility. 
That  there  has  been  a  rapid  development  of  the  science  of  the  weather  during  the 
past  few  years  and  a  growing  recog^nition  of  its  importance  to  the  farmer,  is  evi- 
dent from  the  great  interest  taken  everywhere  in  the  State  weather  service. 

The  practlctu  work  of  this  service  has  been  the  dissemination  of  weather  and 
temperature  forecasts  and  cold  wave  and  frost  warnings.  Although  the  system 
iA  displaying  these  warnings  by  means  of  flags  does  not  completely  satisfy  the 
requiroments,  it  is  simple  enough  and  easily  understood.  Space  will  permit 
of  only  one  or  two  extracts  from  Tetters  received  to  show  the  value  and  benefits 
derived  from  the  forecasts. 

Mayor  W.  E.  Fountain,  Tarboro :  "  The  information  conveyed  by  the  weather 
forecasts  is  greatly  appreciated  at  this  point.  On  two  occasions  when  the  weather 
telegrams  were  temporarily  discontinued  by  the  service  the  expense  of  their 
oonSnuanoe  during  the  Interim  was  borne  privately.  To  what  mdividuals  or 
industries  it  is  proving  most  useful  can  not  he  easily  particularized,  and  varies 
with  the  season.  Just  now  the  harvesters,  brickmakers,  and  builders  ai*e  per- 
haps receiving  the  greatest  benefits.  The  forecasts  have  become  to  many  what 
a  dudly  newspaper  is,  and  their  real  value  would  only  be  discerned  if  continued." 

Charles  £.  Johnson  &  Co.,  domestic  and  foreign  cotton  factors,  Raleigh,  N. 
C:  **  We  desire  to  state  that  the  weather  service  has,  in  our  opinion,  come  to  be 
regarded  as  a  neoessitv  by  our  people,  and  the  farming  community  which  has  ac- 
cess to  the  reports  and  forecasts  have  greatly  benefited  thereby.  1  have  watched 
the  weather  forecasts  with  close  attention,  and  they  have  been  wonderfully  ac- 
curate." 

The  weekly  weather  crop  bulletin,  issued  by  the  service  during  the  season  of 
growing  crops  from  April  to  October,  has  the  greatest  commendation.  It  is  ap- 
preciated at  nome  and  abroad.  It  furnished  well  defined  and  accurate  informa- 
tion regarding  the  weather  and  crop  condition,  which  is  promptly  printed  in  all 
the  papers.  It  makes  outside  misrepresentation  of  the  crop  conditions  imi>ossi- 
ble.  It  places  farmers  on  an  equal  footing  with  the  dealers  who  purchase  their 
products.  It  enables  the  farmers  to  judge  whether  they  are  receiving  fair 
prices  for  what  they  have  to  sell. 

The  work  of  the  service  of  more  permanent  value  is  the  collection  of  meteoro- 
logical data  and  its  publication  in  tabular  form.  During  the  year  1800  a  prelimi- 
nary study  of  the  principal  climatic  features  of  the  State  as  a  whole  has  been 
made,  and  tables  of  mean  pressure,  temperature,  and  rainfall,  for  the  past  nine- 
teea  years,  were  published  in  the  annual  report  for  1890.  The  importance  of  this 
woric  may  be  Judged  from  the  fact  that  not  even  the  annual  mean  temperature  of 
the  State  has  ever  been  determined  with  any  approach  to  scientific  accui*acy. 
It  has  been  variously  given  as  58.7^,  62..^,  and  57. 4^,  the  true  value  being  59.7<^. 
WhUe  knowledge  of  the  climate  of  the  State  remains  so  uncertain  as  this  the  im- 
portaaoe  and  Tiuue  of  the  work  of  the  weather  service  can  hardly  be  overesti- 
mated. 
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Til©  director  begs  permission  to  make  the  following  suggestions  to  the  Chief 
Signal  OflBcer  with  a  view  to  increasing  the  eflBciency  of  the  State  weather  serv- 
ice and  of  bringing  home  to  the  people  of  the  State  the  value  and  importance  of 
the  work  of  the  national  service: 

(1)  That  the  director  or  his  assistant  be  authorized  to  issue  forecasts  for  the 
State  of  North  Carolina  and  to  telegraph  the  same  to  such  places  as  shall  be  se- 
lectedf  at  Government  exi)ense.  Th'e  assistant,  Mr.  C.  F.  von  Herrman,  after  an 
experience  of  over  a  year  in  making  forecasts  for  Raleigh  and  vicinity,  feels  con- 
fident that  he  could  make  such  forecasts  with  a  considerable  degree  of  accuracy. 
A  long  experince  in  forecastinfi^  for  a  definite  region,  a  thorough  knowledge  oi 
the  topography  and  soil,  as  weU  as  general  peculiarities  of  climate,  and  a  good 
memory  for  special  types  of  weather  over  the  State  are  indispensable  to  the  offi- 
cial making  the  indications,  and  such  knowledge  can  not  be  Sbcquired  by  one  who 
has  to  make  forecasts  for  twenty  or  thirty  different  States  in  the  Union. 

(2)  The  issue  of  weather  and  temperature  signal  flags  at  Government  expense 
is  recommended. 

(3)  That  some  simple  and  inexpensive  instrument  shelter  be  devised  for  issu- 
ing to  voluntary  observers.  A  large  number  of  thermometers  are  broken  every 
year  by  voluntary  observers,  especially  at  stations  newly  established,  because  of 
Ignorance  of  the  size  and  proper  kind  of  shelter  to  be  used  and  of  the  proper 
way  of  fastening  the  instruments  in  it. 

(4)  A  number  of  requests  have  been  received  from  the  principals  of  schools  in 
different  parts  of  the  State  for  the  loan  of  barometers  and  otner  instruments, 
besides  those  regularly  issued  to  voluntary  observers,  for  the  purposes  of  instruc- 
tion. Where  it  is  well  ascertained  that  the  instruments  are  actually  to  be  used 
for  the  purpose  of  instruction  it  is  recommended  that  a  limited  number  of  barom* 
eters  and  anemometers  be  loaned  to  observers  making  special  request  therefor. 

(5)  That  a  supply  of  about  50  rain-gauges  be  sent  to  the  observer  in  charge  of 
the  central  office,  who  should  be  held  responsible  for  them,  these  g^uages  to  be 
issued  to  crop  correspondents,  to  enable  them  to  furnish  more  isKKSurato  data  re- 
garding rainfall  each  week  than  they  at  present  can  give. 

(6)  That  instruments  for  special  research  be  loaned  the  central  office,  if  possi- 
ble, when  requested.  The  meteorologist  desires  to  undertake  some  investiga- 
tion of  the  temperature  of  plants  at  different  seasons  of  the  year,  which  would 
require  some  electrical  method  of  measuring  temperature,  by  means  of  a  deli- 
cate galvanometer,  as  Thompson's  reflecting  or  the  Deprez-d' Arson vfU  galvan- 
ometer. 

(7)  That  the  observer  detailed  as  assistant  to  the  State  weather  service  be  di- 
rected to  inspect  all  the  voluntary  stations  in  the  State  at  least  once  a  year  at 
the  expense  of  the  General  Government.  The  inspection  of  all  stations  could  be 
done  at  one  time  and  without  great  cost. 

OHIO. 
[Prof.  B.  F.  Thomas,  director;  G.  M.  Strong,  secretary.] 

During  the  past  year  the  work  of  the  Ohio  meteorological  bureau  has  been 
carried  on  upon  the  same  general  plan  as  in  -former  years,  but  slight  changes 
having  been  made  in  stations  and  observers.  A  few  new  rain-gauge  stations 
have  been  established,  and  some  have  been  supplied  with  maximum  and  mini- 
mum thermometers.  We  have  been  obliged,  for  lack  of  funds,  to  refuse  several 
applications  for  full  station  locations. 

As  stated  in  former  reports,  telegraphic  weather  predictions  and  flag  displays 
are  not  in  as  great  demand  here  as  in  other  States.  The  number  of  places  re- 
ceiving such  reports  is  below  the  generous  list  sent  by  you,  though  we  have 
taken  pains  to  offer  the  privilege  as  publicly  as  possible.  This  is  doubtless  due 
in  part  to  the  circulation  of  morning  papers  containing  the  reports.  The  cold- 
wave  prediction  and  signal  are  more  frequently  called  for. 

On  the  resignation  of  Lieut.  C.  E.  Ellboume,  occasioned  by  the  termination 
of  his  detail  at  the  university,  Sergt.  C.  M.  Strong  was  chosen  secretary  of  the 
bureau,  and  has  discharged  his  duties  with  skill  and  to  the  full  satisfaction  of 
the  boiu!d  of  directors.  I  wish  gratefully  to  acknowledge  your  kind  interest  and 
generous  aid  in  our  work. 
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OREGON. 
[Oentfal  ofllce, Portland;  Mr.  H.  £.  Hayes,  director;  B.  S.  PagUe,  assistatat  director.] 

The  following  is  the  report  of  the  operations  of  the  Oregon  State  weather 
Bervioe  for  the  Iscal  year  ending  June  30, 1891: 

Mr.  H.  E.  Hayes  has  continued  the  director  of  the  service  and  Mr,  B.  S.  Pague, 
U.  S.  Weather  Bureau,  the  assistant  director  throughout  the  year. 

The  legislature,  at  its  hiennial  session  held  in  January  and  Fehruary,  1891, 
made  an  additional  appropriation  of  $2,000  for  the  purchase  of  more  instruments 
and  to  enlarge  the  scope  of  the  work,  there  heing  only  two  dissenting  voices  to 
the  approprmtion. 

The  practically  unanimous  vote  for  the  appropriation  shows  the  high  esteem 
in  which  the  service  is  held  and  its  popularity  with  the  people. 

In  the  sparseljr  settled  sections  of  the  State,  emhracmg  the  country  south  of 
the  Blue  Mountains  and  east  of  the  Cascades,  considerahle  difficulty  has  heen  ex- 
perienced in  securing  correspondents  and  voluntary  observers,  but  tbe  work  of 
establishing  new  stations  has  been  steadily  prosecuted.  During  the  month  of 
May,  1891,  a  new  supply  of  thermometers  and  rain-gauges  was  purchased  from 
Green,  of  New  York,  and  these  are  being  sent  out.  The  instruments  purchased  of 
Queen  &  Co.,  I^iladelphia,  in  1889,  have  generally  proven  to  be  unsatisfactory. 

Soil  observations  have  been  most  carefully  made  at  Pendleton,  by  Mr.  P.  Zah- 
ner,  and  since  his  death,  which  is  greatly  lamented,  his  son,  J.  H.  2Sahner,  has 
continued  making  them;  they  have  also  been  made  at  the  Oregon  Experiment 
Station,  located  at  Corvallis.  These  observations  will  finally  result  in  much 
good  to  agriculturists.  Observations  of  the  evaporometer  will  be  commenced  on 
Ist  proximo.  Sunshine  recorders  are  being  prepared  for  distribution,  and  these 
records  will  prove  of  additional  value  to  the  data  already  collected. 

Especial  attention  has  been  paid  to  the  collection  of  precipitation  and  tempera- 
ture data,  statistics  as  to  wheat  and  wool  products. 

The  special  bulletin  on  *^  Oregon  ctopa  of  1890,"  issued  in  December,  1890,  has 
proven  of  general  interest,  and  its  data  appears  to  be  appreciated  by  the  people. 

The  weekly  crop  weather  rei)orts  are  the  most  popular  feature  of  the  service, 
and  attract  the  most  attention;  coming  regularly  every  week  they  carry  with 
Uiem  concise  and  acccurate  information  touchmg  the  productions  of  every 
county  of  the  State,  which  can  be  gained  from  no  ouier  source. 

The  biennial  report  of  this  service  to  the  governor  has  been  most  highly  com- 
mended on  all  sides.  The  ''American  Meteorological  Journal "  said  it  was  the 
most  complete  report  on  the  climate  of  Oregon  yet  issued.  One  thousand  copies 
of  the  biennial  report  were  issued,  as  also  2,000  copies  of  the  special  crop 
report.  One  hundred  and  sixty  copies  of  the  weekly  crop  weather  bulletin 
are  issued  weekly.  The  newspapers,  public  bodies,  and  leadmg  citizens  all  give 
the  service  hearty  support. 

While  marked  progress  and  advancement  have  been  made  during  the  past 
year,  more  could  have  been  accomplished  if  the  assistant  director  could  have  had 
as  good  assistance  in  his  office  during  the  first  six  months  of  the  year  as  he  has 
had  during  the  last  six  months.  For  more  and  better  work,  that  is,  work  in 
detail,  the  assistant  director  should  be  able  to  devote  his  entire  time  to  the  work 
of  the  State  service. 

The  service  and  Its  work  were  especially  commended  in  resolutions  by  the 
State  Agricultural  Society  and  by  the  Oregon  State  senate  in  February,  1891. 
The  State  Grange  indorsed  the  service  at  its  annual  meeting  held  in  May,  1891. 

Extensive  outlines  have  been  made  for  future  work,  which  can  be  accomplished 
by  continued  diligent  and  sincere  efforts.  The  thanks  of  the  service  are  due  the 
dnief  Signal  Officer  for  his  liberal  policy  pursued  towards  this  service,  and 
thanks  are  extended  to  the  energetic  and  valuable  voluntary  observers,  each  and 
all  of  whom  have  contributed  to  the  success  of  the  service. 

PENNSYLVANIA. 
[Omtral  office,  Philadelphia;  Mr.  W  P.  Tatham,  director;  T.  F.  Townsend,  assistant  in  charge.] 

The  following  is  an  annual  statement  relative  to  the  operations  of  the  Penn- 
^Ivaaia  State  weather  service  during  the  present  fiscal  year,  together  with  a 
brief  review  or  history  of  the  service  from  its  organization  to  the  present  time: 

Ab  the  Franklin  Institute  probably  antedates  all  other  institutions  m  the  United 
States  in  the  organization  of  State  services  for  promoting  the  science  of  meteor- 
ology,  a  reference  to  its  earlier  services  in  this  oehalf  may  be  ol  ixi\/^T^^\t. 
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On  March  4,  1837,  the  legislature  of  this  State  passed  the  following  act:  **The 
governor  of  this  Commonwealth  is  hereby  authorized  to  draw  his  warrant  upon 
the  State  ti^oasurer,  on  the  1st  day  of  April  next,  in  favor  of  the  treasurer  of  the 
Franklin  Institute  of  the  State  of  Pennsylvania  for  the  Promotion  of  the  Mechanic 
Arts,  for  the  sum  of  $2,000,  and  for  the  further  sum  of  $2,000  on  the  1st  day  of 
April  for  each  of  the  two  years  ensuing,  for  the  purpose  of  promoting  the  im- 
provement of  meteorological  science  and  the  furnishing  of  each  county  of  this 
Commonwealth  with  the  necessary  instruments  for  the  o&ervation  of  such  atmoe- 
pheric  changes  and  phenomena  as  may  be  useful  for  the  promotion  of  knowledge 
m  the  science  of  meteorology." 

From  an  extract  of  the  minutes  of  the  meeting  of  the  committee  on  meteor- 
ology of  the  Franklin  Institute  held  January  22, 1838,  the  chairman  reported  a 
list  of  53  persons  in  the  several  counties  of  the  State  who  had  accepted  tbe  charge 
of  the  meteorological  instruments  provided  in  accordance  with  the  act  of  the 
legislature  of  1837. 

A  series  of  observations  and  reports,  very  similar  in  character  and  form  to 
those  now  reported  by  the  present  service,  were  made  and  published  monthly  for 
two  years  in  the  Journal  of  the  Franklin  Institute. 

In  addition  to  this  work  for  the  State  of  Pennsylvania  and  within  it,  a  Joint 
committee  selected  by  the  Franklin  Institute  and  the  American  Philoeopnical 
Society  consisted  of — for  the  Franklin  Institute,  James  P.  Espy  (chairman),  Alex- 
ander Dallas  Bache,  Henry  D.  Rogers,  Sears  C.Walker,  Paul  B.  Goddard^.D. 
For  the  American  Philosophical  S<^iety,  Charles  N.  Bancker,  Gouverneur  Emer- 
son, M.  D.,  Alexander  Dallas  Bache. 

Their  reports  were  published  in  the  Journal  of  the  Franklin  Institute  (1)  July, 
1835,  p.  4 ;  (2)  June,  1836,  p.  386 ;  (3)  January,  1837,  p.  17 ;  (4)  August,  1838,  p.  161. 

This  committee  established  correspondence  with  about  fifty  scientific  ODserv- 
ers  throughout  the  United  States,  who  made  continuous  reports  of  the  weather, 
particularly  in  seasons  of  violent  changes  and  storms,  and  from  data  thus  col- 
lected charts  of  fourteen  great  storms  were  published  very  similar  to  thoae  issued 
by  the  United  States  Signal  Service  of  this  day. 

From  the  same  data  a  practical  theory  of  storms  was  deduced,  which  with  mod* 
ifications  guides  the  existing  practice  of  weather  forecasts. 

In  this  work  the  joint  committee  was  most  ably  assisted  by  its  chairman,  the 
celebrated  meteorologist,  James  P.  Espy,  whose  energy  and  enthusiasm  knew  no 
bounds,  and  whose  researches  and  investigations  have  so  largely  advanced  the 
science  of  meteorology,  and  rendered  possible  in  these  days  of  the  magnetic  tel- 
egraph the  application  of  that  science  in  a  practical  way  for  the  benefit  of  all 
who  are  in  any  way  affected  by  climatic  changes  and  conditions,  as  is  daily  dem- 
onstrated by  the  Weather  Bureau  of  the  United  States  States  Signal  Service. 

Subsequently  Mr.  Espy  was  employed  by  the  Government  of  the  United  States 
as  meteorologist.  He  made  four  reports.  The  first,  in  1843,  was  made  to  the 
Surgeon-General.    His  fourth  report  was  published  in  1857. 

The  establishment  of  a  National  Weather  Bureau  by  the  Grovemment,  with  all 
of  the  modern  appliances  for  observing  and  rccordmg  data,  and  its  corpe  of 
trained  observers  seemed  for  a  time  to  meet  all  requirements,  but  new  interests 
and  demands  arose  with  the  advancement  of  the  great  work  which  had  been  un- 
dertaken, and  experience  demonstrated  the  fact  that  auxiliaries  were  necessary 
to  assist  the  national  Service  in  the  collection  of  climatic  data  and  the  dissem- 
ination of  the  forecasts  and  warnings  of  the  National  Weather  Bureau. 

In  order  the  better  to  provide  for  these  auxiliary  services,  it  was  decided  that 
Stat«  services,  under  competent  local  management,  would  best  subserve  the  in- 
terests of  all  concerned. 

In  furtherance  of  this  plan,  in  the  autumn  of  1886,  fifty  years  after  the  establish- 
ment of  the  first  State  weather  service,  the  Franklin  institute  was  asked  to  un- 
dertake the  organization  of  another  State  service,  and  become  an  aid  in  a  work 
of  which  it  had  been  the  pioneer. 

Believing  that  they  could  assist  the  National  Bureau  in  disseminating  its  re- 
ports, and  that,  in  the  collection  of  meteorological  data,  permanent  climatic  con- 
ditions could  be  so  established  that  the  accuracy  of  forecasts  would  be  increased, 
the  Institute  entered  heartily  into  the  work,  and  appointed  a  committee  to  for- 
mulate a  plan  for  a  State  service. 

On  December  15, 1886.  this  committee  made  their  report,  which  was  adopted. 
Pursuant  to  its  instructions  the  committee  prepared  the  draft  of  a  bUl  wmoh 
was  inti*oduced  into  the  legislature  of  Pennsylvania  **  to  establish  a  State  weather 
service,  and  appropriate  the  sum  of  $3,000  for  the  purchase  of  instruments,  flags, 
and  other  necessary  equipments,  designated  and  approved  by  the  E^raimin  Loh 
fftitute,'' 
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This  bill  was  enacted  into  la\ir  by  the  legislature  at  the  session  of  1887,  and  was 
approved  In^  the  guvemor  May  13, 1887.  An  additional  sum  of  $5,000  was  appro- 
priated in  1889  to  continue  the  State  weather  service. 

On  March  11, 1887,  Sergt.  T.  F.  Townsend  of  the  Signal  Corps  was  ordered  to 
report  to  the  committee  on  meteorology  for  duty  and  was  appointed  assistant  in 
charge,  in  which  position  he  has  remained  ever  since. 

As  soon  as  the  first  appropriation  was  available  steps  were  taken  to  purchase 
standard  instruments  similar  to  those  used  by  the  United  States  Signal  Service. 
These  were  distributed  to  the  various  observers  selected  in  the  different  counties. 
To  facilitate  the  accurate  recording  of  observations  by  men  untrained  for  the 
work  a  special  record  book  was  adopted,  which  is  still  used  by  the  service. 

The  first  tabulated  report  published  in  the  Monthly  Weather  Review  was  for 
the  month  of  September,  18&7,  since  which  time  they  have  been  continuous  and 
Include  reports  from  about  60  stations.  These  reports  have  an  issue  of  1,000 
monthlv,  in  addition  to  their  being  published  in  full  in  each  number  of  the  Jour- 
nal of  l£e  Franklin  Institute,  which  has  an  influential  circulation.  The  secretary 
of  internal  affairs  of  Pennsylvania  has  also  published  the  reports  in  full  for  the 
preceding  twelve  monUis  in  his  annual  report  of  each  year.  These  publications 
give  the  review  a  large  and  widespread  circulation  and  x)ermanent  record. 

The  June  Review  of  1889  contained  a  map  graphically  illustrating  the  unpre- 
cedented rainfiJl  of  May  30  and  31,  which  caused  the  disastrous  floods  at  Johns- 
town and  other  portions  of  the  State.  Since  then  each  issue  of  the  Review  has 
been  supplemented  by  maps  showing  the  normal  temperature  and  rainfall  for 
each  month  of  the  year  and  the  mean  temperature  and  rainfall  for  each  current 
month,  for  the  purpose  of  comparison. 

After  the  reports  of  the  observers  are  examined,  tabulated,  and  published  they 
are  carefully  filed  away  for  future  reference  as  occasion  may  req^uire. 

The  weeldy  weather  crop  bulletins  have  advanced  steadily  in  value  and  are 
now  one  of  the  prominent  features  of  the  service;  200  copies  are  issued  weekly. 
It  was  intended  to  print  the  issue  during  the  present  season,  but  a  combination 
of  oircumBtances  prevented. 

About  60  display  stations  have  been  maintained,  most  of  which  are  supplied 
with  flaffs  by  the  State  service.  While  the  State  of  Pennsylvania  is  well  supplied 
with  mul  facilities,  so  that  many  farmers  and  others  interested  in  the  forecasts 
as  published  by  the  daily  papers  can  receive  them  at  an  early  hour,  there  are 
many  beyond  the  reach  of  these  means  or  the  railway  bulletin  service,  and  can 
only  be  reached  by  some  system  of  signaling.  While  the  State  service  has  done 
much  to  cover  these  grounds,  the  field  is  still  a  large  one,  and  every  effort  should 
be  made  in  the  future  to  increase  the  number  of  display  stations  and  to  devise 
means  for  reaching  as  many  as  possible  with  the  daily  forecasts  of  the  service. 

Since  the  orgaiSzation  of  the  present  State  service  special  efforts  have  been 
made  to  collect  manuscript  and  other  copies  of  recorded  meteorological  data  re- 
lating to  this  State.  Th&  resulted  in  securing  extended  records  from  about  50 
stations,  aggregating  950  years  of  observation.  Through  the  valuable  assist^ince 
of  Prof.  Lorln  Blodfi^et  these  records  were  systematically  arranged  and  published 
l^  the  secretary  of  mtemal  affairs  in  a  convenient  form  for  i*eference. 

The  labors  olT  these  pioneer  observers  are  not  only  preserved  from  probable 
lo6B,  but  they  are  now  widely  distributed  throughout  the  State,  and  due  credit 
has  been  given  to  these  early  investigators.  The  value  of  such  a  series  can  not 
be  estimated  in  determining  averages  for  the  State  or  for  establishing  perma- 
nent climatic  conditions  for  the  loctdities  they  represent. 

The  secretary  of  internal  affairs,  in  his  annual  report  of  1891,  suggested  that 
the  legislature  should  either  give  entire  control  of  the  management  of  the  funds 
and  property  of  the  State  weather  service  to  the  Franklin  Institute  or  confer  the 
entire  authority  upon  the  secretary  of  internal  affairs. 

In  ignorance  of  this  suggestion  by  the  secretary  a  bill  was  prepared  and  in- 
troduced in  the  House  of  Representatives  appropriatinef  $5,000  for  continuing 
the  State  weather  service  under  existing  laws.  This  bill  was  amended  in  com- 
mittee 80  as  to  embody  the  suggestion  of  the  secretary. 

In  this  shape  it  passed  bom  houses,  and  since  then  has  been  vetoed  by  the 
governor,  as  would  appear  from  the  followincr  notice  published  in  the  news- 
papers: 

"  Proposed  transfer  of  the  weather  service.  I  herewith  file  with  my  objec- 
tlooB.  in  the  office  of  the  secretary  of  the  Ck)mmon wealth,  house  bill  No.  740, 
entitled;  'An  act  to  amend  an  act  to  establish  a  State  weather  service  of  this 
GomiDonwealth  for  the  purpose  of  increasing  the  efficiency  of  the  United  States 
Signal  Senrioe,  by  disseminating  more  sj^edily  and  thoroughly  \iYie  NVoaA^^^^x 
loreoaBtfl,  storm  and  frost  warnings  for  the  benefit  of  the  citizena  ol  \2[iQ^\AXi^^«xvi\ 
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for  the  purpose  of  establishing  and  maintaining  in  each  county  thereof  meteorolo- 
gical stations  for  the  collection  of  climatic  data,  and  making  an  appropriation 
therefor;  transferring  to  the  department  of  internal  affairs  the  duties  pertain- 
ing to  the  State  weather  service  heretofore  discharged  by  the  Franklin  In- 
stitute, and  providing  a  further  appropriation  for  the  maintenance  of  said 
.  weather  service. '  This  act  proposes  to  take  from  the  Franklin  Institute  the 
right  of  exercising  certain  duties  pertaining  to  the  State  weather  service,  which 
it  has  heretofore  discharged,  and  to  make  them  subject  to  the  direction  and  con- 
trol of  the  department  of  internal  affairs.  I  know  of  no  reason  why  duties  of 
this  kind,  which  can  be  best  performed  by  scientific  experts,  should  be  trans- 
ferred from  an  institute  of  such  long  and  honorable  standmg  as  the  one  in  which 
they  were  reposed  by  the  act  of  1887,  and  transferred  to  the  control  of  a  depiurt- 
ment  which,  is  neither  especially  adapted  for  the  purpose  for  which  it  is  in- 
stituted nor  by  its  equipment  and  organization.  The  terms  of  the  act  of  May 
13, 1887,  accepted  a  plan  proposed  by  the  Franklin  Institute,  and  if  it  has  proved 
practicable  and  useful  the  subject  should  not  be  taken  out  of  its  control. 

'^  If  it  has  proved  impracticable  and  of  no  utility,  it  is  not  likedy  to  be  made 
more  efficient  by  the  proposed  transfer.  The  increase  of  the  appropriatloa  for 
this  purpose  does  not  indicate  that  the  change  will  be  advantageous  to  public  in- 
terest." 

The  foregoing  is  an  outline  of  the  history  of  the  Pennsylvania  State  weather 
service  and  of  the  connection  of  the  fhranklin  Institute  therewith. 

It  is  to  be  regretted  that  the  appropriation  for  establishing  the  State  weather 
service,  made  in  1887,  was  so  small.  A  large  portion  of  it  was  expended  for  in-' 
struments,  and  the  money  was  exhausted  before  the  appropriation  of  1889  was 
available  to  continue  the  service.  The  appropriation  in  1889  of  $5,000  supplied 
the  deficiency  and  continued  the  service.  It  was  hoped  that  the  appropriation  of 
a  similar  amount  this  year  would  have  enabled  the  committee  to  provide  an  effi- 
cient display  service  for  disseminating  the  reports  and  forecasts  of  the  United 
States  Weather  Bureau  throughout  the  State  during  the  coming  two  years,  but 
for  the  present  this  thought  must  be  abandoned. 

The  Franklin  Institute  has  no  fund  which  can  be  drawn  ui)on  for  the  expenses 
of  printing  the  monthly  weather  reviews.  At  present  we  can  only  state  our  wil- 
lingness to  continue  to  record  the  observations  and  hope  that  the  body  of  intel- 
ligent observers  throughout  the  State,  who  have  manifested  a  zeal  for  the  pub- 
lic service  which  can  not  be  sufficiently  commended,  may  continue  to  give  us  their 
cooperation. 

If  observations  are  continued,  and  records  preserved,  some  means  may  be 
found  hereafter  to  continue  the  publication. 

SOUTH  CAROLINA. 
[Central  office,  Columbia;  Mr.  A.  P.  Butler,  director.] 

The  annual  report  of  the  State  weather  service  of  South  Carolina,  cooperating 
with  the  United  States  Si^al  Service  for  the  year  ended  June  30,  is  as  follows : 

This  service  was  organized  in  August,  1886,  and  up  to  September  16  last  was 
under  the  supervision  of  Mr.  A.  P.  Bulter,  as  director,  conducted  by  cm  assistant 
who  was  an  enlisted  member  of  the  United  States  Signal  Corps.  On  September 
16, 1890,  the  observer  on  duty  was  transferred  to  New  Orleans,  and  his  duties,  in 
addition  to  his  own,  were  devolved  upon  the  director.  The  work  had  been  so 
thoroughly  systematized  and  so  well  organized  that  it  has  been  comparatively 
easy  to  continue  it  in  successful  operation.  This  has  been  made  possiole  by  the 
assistance  cheerfully  rendered  by  the  corps  of  intelligent  voluntary  local  obaerv- 
ers,  who  served  without  compensation. 

At  this  station  the  daily  weather  forecasts  are  received  and  signal  flags  dis- 
played; the  daily  temperature  and  rainfall  is  recorded  and  tabulated  montUy. 
On  Saturday  of  each  week  a  crop  report  is  published,  compiled  from  information 
furnished  by  voluntary  and  ootton-region  observers,  and  these  are  sought  for  and 
published  in  all  the  daily  {lapers.  A  synopsis  of  reports  is  telegraphed  to  the 
Chief  Signal  Officer,  and  used  in  the  weekly  crop  report  sent  out  from  the  cenU«l 
office. 

The  weather  forecasts  received  from  Washington  are  wired  to  the  fifteen  sta- 
tions in  the  State  in  charge  of  observers  who  display  the  signals  showing  the  in- 
dications for  the  day.  Reports  are  received  at  the  end  of  each  month  from 
twenty-two  observation  stations  (two  recently  established,  Kitohings  Mills  and 
Society  Hill),  giving  the  rainfall  and  temperatm*e  for  each  month.  These  ira 
tabulated  ana  recorded  and  a  copy  sent  to  Washington. 
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The  cold-wave  warnings  are  received  from  the  Chief  Signal  Officer  and  dupli- 
cated to  all  display  stations. 

The  value  of  the  weather  service  is  appreciated  each  year  as  it  is  better  under- 
itood  by  the  people.  The  collecting  and  recording  of  climatic  data  in  South 
Carolina  has  been  needed  for  many  years.  Outside  of  a  few  cities  this  had  never 
been  attempted  imtil  the  establishment  of  a  weather  service  in  South  Carolina. 
There  are  now  nearly  five  years  of  a  very  perfect  record,  and  this  will  be  of  great 
future  benefit  in  many  practical  wa^rs. 

The  truck  and  fruit  interest  of  this  State  is  each  year  being  of  greater  impor- 
tance. The  cold-wave  warnings  enable  the  producers  to  take  the  necessary  pre- 
cautions for  the  protection  of  these  crops,  and  this  part  of  the  service  has  proven 
speciiklly  popular. 

The  attention  given  to  the  service  in  recording  temperature  and  rainfall,  the 
displav  of  si^n^als,  and  the  information  regarding  the  condition  of  the  crops  fur- 
nish^ weeldy,  by  citizens  who  derive  no  immolate  paying  benefit  from  such 
work,  and  which  require  no  considerable  labor,  and  the  interest  of  the  State,  and 
people  generally  in  the  work  of  the  service,  all  indicate  clearly  the  favor  with 
which  tiie  important  work  of  the  Signal  Service  is  regarded  in  this  State.  As 
Uiis  work  expands  its  usefulness  is  increased,  and  in  the  same  ratio  is  it  appreci- 
ated. 

SOUTH  DAKOTA. 
[Central  office.  Huron;  S.  W.  Olenn,  director.] 

The  following  is  a  review  relative  to  the  North  and  South  Dakota  State 
weather  service  since  its  orcr&nization,  and  for  the  fiscal  year  just  ended. 

The  matter  of  organizing  a  local  weather  service  was  brought  to  the  attention 
of  the  observer  in  charge  at  the  central  office  by  Lieut.  H.  H.  C.  Dun  woody,  in 
December,  1888,  and  the  usual  aid  extended  to  similar  organizations  in  the  States 
was  tendered  to  Dakota. 

The  observer  brought  the  matter  before  the  people  in  several  ways,  but  es- 
pecially tiirough  the  ^*  press.*'  A  strong  interest  was  soon  aroused,  and  it  was 
not  long  until  a  sufficient  number  of  stations  had  been  established,  and  reports 
render^  to  warrant  the  issue  of  a  monthly  summary  and  review. 

As  the  crop  season  of  1889  approached  the  proposed  issue  of  a  weekly  weather- 
crop  bulletin  was  brought  before  the  people,  and  reporters  for  this  publication 
were  secured  in  almost  all  of  the  counties  in  the  then  Territory  of  Dakota. 

The  issue  of  the  monthly  summaries  has  been  regular  and  uninterrupted ,  and 
between  March  15  and  September  15  of  each  year  a  weekly  weather-crop  bul- 
letin has  been  issued. 

After  the  south  half  was  admitted  as  a  State,  an  effort  was  made  to  place  the 
servioe  on  a  firm  basis  as  a  State  institution,  receiving  material  aid  therefrom. 
With  this  result  in  view  the  matter  was  agitated,  and  the  cause  of  the  service 
espoused  by  prominent  men.  A  bill  known  as  Senate  bill  No.  148  was  intro- 
diu^  in  the  first  session  of  the  legislature  of  South  Dakota,  and  pressed  to  pas- 
sage, establishing  the  South  Dakota  meteorological  bureau,  and  empowering 
the  Governor  to  appoint  a  director  from  the  faculty  of  the  State  Agricultural 
College  at  Brookings.  A  provision  for  a  small  appropriation  was  stricken  out 
in  joint  committee,  because,  it  was  said,  of  urgent  economy  and  the  fact  that 
the  Signal  Service  was  already  publishing  and  issuing  the  reports  in  a  satisfac- 
tory manner.  The  observer  is  well  satisfied  that  the  failure  of  the  appropria- 
tk>n  was  not  due  to  lack  of  appreciation  of  the  service  by  the  people. 

During  the  year  just  ended,  and  since  its  organization,  the  service  has  been 
ocmduct^  wholly  by  the  observer  in  charge  at  the  central  office,  and  the  Gov- 
ernor has  failed  to  appoint  a  director  for  the  reasons  above  stated.  The  matter 
of  an  appropriation  from  the  second  session  of  the  legislature  was  not  pressed 
because  a  careful  canvass  gave  no  promise  of  success. 

The  summaries  and  reviews  have  been  continued  during  the  year,  as  also  the 
weekly  weather-orbp  bulletins.  The  publications  of  this  service  find  their 
way  to  all  parts  of  the  United  States.  The  crop  bulletins  are  an  important  fea- 
ture of  the  work,  and  appear  to  fully  meet  the  demands  of  the  people  in  that 
special  line.  As  an  evidence  of  their  appreciation  by  people  both  in  and  out  of 
tae  State  it  is  noted  that  those  who  received  them  during  the  former  seasons, 
and  many  who  had  heard  of  them  or  seen  them  in  the  papers,  made  requests  to 
be  listed  before  the  present  season  had  begun.  They  are  published  by  all  of  the 
papers  issued  at  Huron,  two  dailies  issued  at  Sioux  Falls,  S.  DaVL.^am  QbTLMXc^x 
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of  weekly  papers  throug^hout  the  State  ;  also  by  two  dailies  in  St.  Paul,  two  in 
Minneapolis,  one  in  Sioux  City,  Iowa,  and  three  in  Chicago.  The  local  corre- 
spondent for  the  papers  outside  of  the  State  is  authorized  to  wire  them  regularly. 

A  few  places  in  both  States  receive  the  daily  forecasts  from  Washin^^n,  and 
more  would  be  glad  to  have  them  were  it  not  for  the  considerable  expense  at- 
tending the  display  of  the  weather  and  temperature  signals.  The  flags  wear  out 
rapidly,  and  are  soon  in  unreadable  condition,  except  in  their  immolate  vicin- 
ity. If  some  more  durable  signal  could  be  devised  to  serve  the  same  purpose  at 
less  expense,  it  is  believed  all  considerable  points  would  appreciate  thefore<Mts 
and  lend  their  co^')i)eration  in  every  manner  possible  to  carry  out  the  intentions 
of  the  Department  at  Washington.  "  Cold-wave  warnings  "  to  prominent  points, 
in  fact  in  all  considerable  towns  where  the  expense  of  a  flag  would  be  borne  by 
the  x)eople,  would  be  of  great  value.  This  would  involve  only  small  expense  to 
the  people,  and  the  cost  to  the  Government  of  an  occasional  telegram.  The  sig- 
nal would  attract  special  attention  by  the  infrequencyof  its  display,  and  the  high 
percentage  of  veriiication  attained  would  establish  a  confidence  and  reliance  in 
the  display.  With  one  signal  alone  displayed,  its  chai*actor  would  be  under- 
stood at  long  distances  in  the  adjoining  country. 

As  the  forecasts  under  the  flag  svstem  appear  to  benefit  only  the  people  in  their 
immediate  vicinity  it  is  believed  they  would  meet  the  demands  of  the  public  if  a 
neat  frame  (one  or  more),  was  furnished  to  each  place  receiving  them,  with  the 
explicit  understanding  and  agreement  that  the  postmaster  should  reg^arly  dis- 
play the  telegrams  for  the  benefit  of  the  public. 

It  is  believed  warnings  to  prominent  points,  in  both  States,  of  approaching  blix- 
zards  or  storms  with  snow  and  strong  northerly  winds  would  be  highly  appre- 
ciated by  the  people,  mayhap  result  in  the  saving  to  them  of  property,  and  pos- 
sibly life.  Such  timely  warning  before  the  memorable  blizzard  of  January,  1888, 
would  probably  have  saved  many  lives. 

The  observer  at  the  central  office  has  frequently  had  occasion  in  the  winter  to 
give  information,  on  request,  as  to  the  advisability  of  persons  making  contom- 
plated  overland  journeys,  or  i*eturnin^  to  their  homes  in  the  country,  and,  taking 
the  testimony  of  the  people  into  consideration,  has  probably  saved  them  much 
sulTering,  and  possibly  life.  This  was  before  the  publication  of  a  daily  map,  the 
advantage  of  which  is  now  enjoyed,  and  the  further  privilege  of  making  unquali- 
fied local  forecasts.  The  voluntary  observers  serving  in  connection  with  the 
local  service  have  evinced  great  interest  and  deserve  unstinted  commendatLon 
for  their  faithfulness. 

The  interest  in  the  meteorological  work  has  grown  so  that  stations  are  now 
established  in  all  but  twelve  of  the  thickly  settled  counties  of  South  Dakota,  and 
correspondence  is  now  being  had  with  most  of  these,  which  will  probably  result  in 
stations  b(nng  established  within  their  borders.  Through  the  instrumentality 
of  Dr.  H.  E.  Stockbridge  of  the  North  Dakota  experimental  station  at  Fargo, 
twelve  additional  stations  have  recently  been  established  in  that  Stato. 

The  local  service  is  steadily  growing  in  fa^  or  with  and  importance  to  the  peo- 
ple of  South  Dakota,  and  their  appreciation  is  evinced  in  many  ways. 

The  need  of  a  full  assistant,  capable  of  taking  the  place  of  the  ODserver  when 
otherwise  engaged  on  duty  or  legally  absent  from  duty,  especially  as  this  station 
has  been  made  one  of  the  first  order  with  the  attendant  additional  clerical  work, 
is  greatly  felt.  The  small  amount  allowed  for  a  messenger  precludes  the  em- 
])loyment  of  any  one  in  other  than  that  capacity,  and  his  duties  are  confined  to 
such  service. 

Huron  is  centrally  located  and  frequent  conventions  of  the  people  are  held 
here.  In  most  of  these  gatherings  there  ai'e  more  or  less  of  the  gentlemen  oo- 
01X3 rating  with  or  interested  in  the  success  of  the  service.  The  services  of  the 
former  and  the  moral  support  of  the  latter  entitle  them  to  the  utmost  oourtesjr 
consistent  with  proper  attention  to  duty  when  visiting  the  central  office.  Uni- 
form courtesy  to  visitors  has  done  much  to  popularize  the  office  and  the  local 
service,  but  it  entails  upon  the  observer  constant  duty  on  Sundays  and  holidiQrs 
and  continued  duty  every  day  of  the  week,  comprising  hours  outside  of  those 
usually  expected.  The  matter  of  rainfall  is  of  vital  importance  to  the  people, 
and  knowing  that  this  office  is  constantly  in  receipt  of  such  information  tney 
come  hero  for  it. 
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TENNESSEE. 
tOnitrftl  offlce.  Nashville;  Dr.  J.  D.  Plunkett,  director;  H.  C.  Bate,  assistant  to  the  director.! 

The  followinffis  tho  I'eport  of  the  moteorolo^ioal  dopartmont  of  the  Tennotfsee 
State  Board  of  Health,  for  tho  year  ending  June  .'{0,  18!)1  : 

Mr.  J.  D.  Plunkett  is  director  of  this  board,  and  Ser^^t.  H.  C.  Bate  in  charge 
of  the  Nashville  signal  office,  assistant  director. 

While  the  number  of  voluntary  stations  in  Tennessee  remains  substantially  the 
same  as  during  1890,  there  has  been  a  very  satisfactory  improvement  in  tho  service 
during  the  past  year,  and  at  this  time  it  is  in  a  much  better  condition  of  efficiency 
than  at  any  previous  time  in  its  history.  This  is  due,  in  a  great  measure,  to  tho 
faithful  work  of  the  corps  of  voluntary  observers  who  htive  shown  an  increased 
interest  in  their  work,  and  who  evidently  make  the  most  of  their  limited  facili- 
ties in  the  collection  of  local  meteorological  data. 

The  lack  of  a  supply  of  standard  instruments^ esi>ecially  thermometer,  has 
been,  and  continues  to  do,  a  serious  obstacle  in  the  way  of  increasing  the  number 
of  oliervers  in  the  State,  as  well  as  the  efficiency  and  value  of  the  observations 
taken.  The  State  Board  of  Health,  with  its  small  appi*opriation.  tho\igh  anxious 
to  do  80,  could  not  supply  this  demand,  except  in  a  very  limited  way,  and  the 
National  Service  has  done  much,  it  is  true,  toward  this  end  in  the  past,  still  there 
is  much  more  urgently  needed  in  this  dii*ection.  More  than  once,  recently,  aj>- 
plications  for  service  as  voluntary  observers  have  been  declined  for  want  of 
instruments. 

With  the  exceptions  of  a  few  localities,  the  State  is  now  pretty  well  covered 
by  voluntary  stations.  The  new  stations  that  have  been  added  during  the  year 
accomplished  this  purpose  to  a  con8idei*able  extent,  and  most  of  them  have  already 
provea  exceedingly  valuable  additions  to  tho  service;  still,  more  are  needed  to 
cover  the  territory. 

The  publication  of  the  weekly  weather-crop  bulletins  was  resumed  in  March, 
and  the  increasing  interest  in  and  demand  for  them  not  only  in  Tennessee,  but 
throughout  the  entire  country,  and  especially  in  all  tho  great  commercial  cen- 
ters, giving  evidence  of  their  importance  and  value  as  an  adjunct  of  the  service, 
amd'this  demand  is  constantly  increasing,  and  the  fact  that  the  information  on 
which  the  weekly  bulletin  la  based  comes  direct  from  some  of  the  most  intelli- 
gent and  reliable  men  in  the  State  adds  no  little  to  its  value  as  a  weekly  record 
of  the  condition  and  prospects  of  those  farm  products  of  the  State  that  have  a 
commercial  value  at  home  and  abroad.  In  addition  to  the  publication  of  the 
weekly  bulletin  by  the  press  of  the  State  and  of  other  States,  about  10,000  copies 
are  mailed  during  the  year  to  the  press  and  to  individuals  throughout  the  United 
States. 

This  report  can  not  be  closed  without  some  expression  of  the  obligations  of  the 
service  to  the  corps  of  voluntary  observers,  who  have  so  faithfully  and  gener- 
ously given  their  time  and  performed  the  work  during  the  year,  some  of  them  ^ 
for  eight  years.  Without  their  cheerful  corporation  the  service  would  not  exist,  * 
and  the  country  owes  to  them  whatever  of  praise  and  gratitude  may  be  due. 
Thanks  are  due  also  to  the  United  States  Signal  Service  observers  at  Knox\ille, 
Chattanooga,  Nashville,  and  Memphis  for  their  uniform  courtesy  and  cheerful 
cooperation  in  advancing  the  work  of  this  service,  and  lastly  to  the  Chief  Signal 
Officer  and  his  excellent  c'orps  of  assistants  for  the  kind  and  courteous  support 
always  extended  the  service  in  Tennessee. 

TEXAS. 
[Mr.  D  *D.  Bryan,  director;  Mr.  I.  M.  Cline,  assistant  director.] 

Sir:  I  have  the  honor  to  submit  the  following  report  of  the  operations  of  tho 
Texas  weather  service  during  tho  year  ending  June  30,  1891. 

No  aid  is  received  from  the  State  for  the  support  of  this  service;  the  instru- 
ments, except  in  a  few  cases,  where  they  belong  to  individuals,  have  been 
furnished  by  the  United  States  Weather  Service,  and  the  expense  of  printing 
bulletins  has  been  borne  by  tho  Galveston  (I'otton  Exchange.  The  assistant  di- 
rector, Dr.  I.  M.  Cline,  has  charge  of  all  the  woi-k  pertaining  to  the  service  and 
all  duties  are  performed  by  him  without  other  aid  than  that  furnished  from  your 
office. 

There  are  at  present  sixty-eight  voluntary  stations  in  this  State,  between  fifty 
and  sixty  of  which  1  believe  report  as  a  rule  regularly.    After  these  insoorda 
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have  boon  oMiiininod  and  corrected  under  the  supervision  of  the  assistant  direc- 
tor and  the  necoAsary  data  extracted  for  use  here,  they  are  forwarded  to  your 
office*. 

A  monthly  bulletin  has  b(?en  issued  and  distributed  each  month.  There  is  a 
{▼reat  demand  for  this  publication  by  those  seekin*y  information  rolatlvo  to  the 
climato  of  the  St4itc,  and  also  by  the  farmers  and  dealers  in  tlio  staple  products 
of  the  State. 

Tlie  feature  of  g-rcatost  value  to  farmers  and  also  to  dealers  in  the  agricult- 
ural pr(Klucts  of  tlie  State  is  the  publication  of  the  weekly  weather-crop  bul- 
letin. The  extent  to  w^hich  agriculture  and  commerce  are  interested  in  this  pub- 
lication may  l)e  judged  from  the  fact  that  the  demand  for  it  is  so  strong  during 
all  seasons  that  it  is  necessary  to  issue  the  bulletin  throughout  the  year.  On  the 
morning  succeeding  its  i«sue  it  is  published  in  all  th<5  daily  pajwrs  in  this  Stato 
and  in  some  papers  in  adjoining  States,  and  within  twenty-four  hours  after  Ita 
issue  it  has  reached  the  majority  of  farmers  and  business  in  the  State.  The 
bulletin  is  republished  from  the  dailies  in  a  majority  of  the  weekly  i^apers  of  the 
StaU>.  The  subctanco  of  the  bulletin  is  telegraphed  each  week  in  the  year  to 
the  Commercial  and  Financial  Chronicle,  New  York,  by  the  8i>eclal  correspon- 
dent of  that  paper,  and  is  also  cabled  to  Europe.  About  10,000  weekly  bulletins 
have  l)een  issued  and  mailed  to  dealers  and  farmers  in  and  outside  of  the  State 
during  the  year,  and  the  demand  for  copies  for  file  is  inci*easing. 

iMr.  Julius  Runge,  president  of  the  Cotton  Exchange  and  Board  of  Trade,  says 
that  the  estimates  as  to  the  effects  of  weather  conditions  on  the  crops  made  by 
Dr.  Cline  in  the  weekly  bulletins  last  season  (which  w^as  in  many  respocta  a  crit- 
ical season)  wx»re  remarkably  accurate;  and  that  the  value  of  such  information  to 
all  classes  of  ixirsons  can  readily  bo  seen  when  it  is  considered  that  a  territory  is 
covered  which  produces  over  2,000,000  bales,  or  nearly  one-fourth  of  the  cotton 
crop  of  the  United  States  annually.  The  alx)ve  is  quoted  as  a  sample  of  the  gen- 
eral opinion  existing  concerning  this  work  and  the  importance  attached  to  the 
same. 

The  publication  under  your  orders  at  New  Orleans,  La.,  of  a  weekly  bulletin 
covering  the  cotton  district  has  mot  with  great  favor  here,  and  is  pronounced  a 
valuable  addition  to  the  w^ork  of  the  National  Service. 

The  weather  forecasts  and  wai'nings  have  been  telegraphed  this  year  to  a  vary- 
ing number  of  points.  These  warnings  are  highly  appreciated  and  are  of  gi-cat 
value  to  this  SUitc.  This  service  is  increasing  rapidly  in  popularity  with  the 
l>eoj)le  of  the  State  generally;  but  it  has  by  no  means  reacned  the  limit  of  its 
ettlciency,  as  there  remains  much  yet  to  bo  done.  The  information  that  the  fore- 
casts and  warnings  would  be  furnished  at  the  expense  of  the  National  Service  to 
fifty  additional  i)laces  was  received  with  great  pleasure,  and  it  is  hoped  that  you 
may  find  it  i)racticable  to  supply  even  a  greater  number  than  that  now  author- 
ized. It  is  also  desired  that  the  number  of  voluntary  stations  in  the  State  be  in- 
creased. I  should  like  to  see  at  least  two  hundred  stations  in  the  State,  and  it 
is  hoped  that  during  the  present  year  a  large  number  of  voluntary  observers  may 
be  adiled  to  the  present  list. 

Dr.  Cline  has  displayed  the  highest  ability  in  connection  with  this  work,which 
is  combined  with  unusual  energy  and  a  clear,  ouick  judgment,  and  no  man  bet- 
ter qualified  could  have  been  selected  to  take  charge  of  this  important  service. 
He  understands  the  needs  of  Texas,  and  his  great  interest  in  the  service  insures 
(rontinued  and  as  rapid  increase  as  practicable  in  its  general  usefulness.  It  isob- 
fcK^rved.  however,  that  both  himself  and  assistants  are  overworked,  and  on  ac- 
count of  the  increasing  demands  on  the  State  and  National  Services  it  Is  recom- 
mendinl  that  another  assistant  observer  bo  fui'nlshed  him. 

I  wlsli  to  thank  you  lx)th  for  myself  and  for  the  members  of  the  C-otton  Ex- 
change and  Board  of  Trade  for  your  continued  assistance  to  this  service. 

WISCONSIN. 
[Cttntral  oflQce,  Milwaukee:  li.  K.  Kerkam.  dirwtor.] 

The  following  is  the  annual  report  of  the  work  of  the  Wisconsin  branch  of  the 
United  States  Weather  Bureau  for  the  year  ending  .June  30,  1891: 

Upon  the  arrival  of  the  director  in  Milwaukee,  on  Soptemlxjr  26, 1890,  and 
after  the  transfer  of  the  Signal  Service  pi'oi)erty  and  formally  assuminfj^  charge  of 
the  Milwaukee  station  on  the  day  following,  he  at  once  oix?ned  cummimication 
with  the  meteorological  committee  of  the  Chamber  of  C^ommorce  relative  to  the 
e:^tabUbhmeni  of  a  Stato  bureau.    A  meeting  of  the  committee  was  held  in  the 
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central  office  on  October  10. 1890,  and  the  plana  outlined  for  the  formal  establish- 
ment of  the  bureau  wore  indorsed  by  said  oommittei*.  These  plans  wore  bricHy 
as  follows:  To  request  the  ooftj>eratlon  of  the  several  irommorcial  and  ajjricul- 
tural  associations  of  the  State  m  the  work,  consisting?  of  the  Chamber  of  Com- 
merce, the  Merchant's  Association,  the  Advancement  A^^^40ciation.  the  Stato 
Agricultural  Society,  and  the  State  Cranlwrry  Growers'  Association.  To  have 
at  least  one  meteorological  station  established  in  each  county  in  the  State.  To 
disseminate  the  foi-ecasts  of  the  Sij^nal  Service  by  establish in«?  weather  and  tern- 
p«»rature  display  staticms  in  as  many  cities  and  towns  as  practicable,  where  the 
Ificial  interests  demanded  or  requested  such  forecast's.  To  establish  a  system  of 
frost  warninfifs  that  would  be  moi-o  beneficial  to  the  (;ran berry  interests  by  hav- 
ing the  pas-senper  and  frio|?ht  trains  on  the  several  railroad  linos  display  the 
frost  symbol  from  their  trains,  besides  having  ix>iirular  display  stations  in  the 
cranberry  districts,  where  the  cold-wave  flajj  would  K*  displayed  when  frost  was 
anticipated.  To  have  the  several  cities  and  towns  j)urcliase  instrumc^nts  for  mak- 
ing observations  and  have  the  city  or  town  councils  detail  an  observer  for  the 
work,  in  this  wav  giving  the  work  a  greater  local  interest.  To  i.«jsue  a  weekly 
weather-crop  bulletin  during  the  growing  season  and  to  issue  monthly  bulletins 
during  the  year. 

The  plan  to  print  a  monthly  journal  and  pay  for  the  printing  by  means  of  ad- 
vertising and  subscriptions  has  not  yet  been  practicable,  owing  to  the  fact  that 
the  office  force  at  headquarters  was  not  increased,  and  that  the  time  of  the 
directors  with  that  of  the  assistants  was  fully  taken  up  in  maintaining  the  cur- 
rent work  of  the  station  and  extending  the  work  of  the  State  bureau  gradually. 

The  plans  above  outlined  have  l>een  carried  into  elTect  as  far  as  pra< "tit -able. 
There  are  at  present  seventy-three  stations  where  observations  ar(»  made  by 
volunteer  observei*s,  and  the  central  office  receives  the  monthly  re])orts  from  five 
Signal  Service  stations  in  the  State,  and  closely  surix)unding.  making  a  total  of 
seventy-eight  meteorological  stations.  There  are  forty-two  stations  where 
weather  and  temperature  tlags  are  displayed  in  the  State;  four  raili-oad  lines 
that  carry  the  frost  symbols  through  the  craulxirry  districts,  and  eight  pi'omi- 
nent  points  in  these  districts  where  the  frost  symlK>l  is  displayed  from  stalls. 

Weekly  reports  are  received  from  nearly  four  hundred  crop  correspondents, 
and  these  reports  are  used  in  the  compilation  of  the  weekly  weather-crop  bulle- 
tins issued  each  Saturday  during  the  growing  season.  Thesu  bulletins  are  a 
leading  feature  of  the  State  bureau  work.  They  are  published  by  the  majority 
of  the  State  pai)ers,  and  the  Chicago  pajxirs  publish  them  regularly.  The  sev- 
eral favorable  comments  received,  editorially  and  otherwise,  nrove  that  this  fea- 
ture of  the  work  is  appreciated  by  the  press  and  publics  and  tne  correspondents, 
who  arc  for  the  most  part  practical  farmers  and  business  men,  are  unanimous  in 
their  praise  of  the  bulletins. 

The  monthly  bulletins  contain  the  meteorological  features  of  the  month  fertile 
State.  As  a  meteorological  record,  giving  statistical  information  of  great  value 
to  all  portions  of  the  State,  these  bulletins  meet  with  universal  favor.  There 
was  formerly  a  great  portion  of  northern  and  central  Wisconsin  where  no  mete- 
orological records  were  kept,  and  to  obtain  accurate  records  of  the  temperature, 
rainfall,  etc.,  was  very  desirable  to  the  several  business  interests  of  that  ])ortii)n 
of  the  State,  and  these  records  are  now  being  made  in  all  the  northern  and  cen- 
tral counties,  laying  a  foundation  for  a  valuable  recoi'd  of  the  climate  in  years  to 
come. 

The  formal  indorsement  of  the  State  bureau  by  the  <!ommercial  and  agricul- 
tural bodies  was  made  during  the  winter. 

The  interest  in  the  State  work  is  constantK'  increasing  to  such  an  extent  that 
it  has  been  with  difficulty  that  the  limited  office  force  could  cope  with  it:  and  it 
has  been  necessary  to  limit  the  ever-increasing  demands  to  the  work  that  could 
be  performed  at  the  office  by  refusals  to  establish  atlditional  stations  where  olv 
servers  could  be  secured,  and  by  limiting  crop  correspondents  and  other  work 
that  would  have  swelled  the  duties  of  the  office  to  an  unlimited  degree. 

The  plan  to  have  the  several  cities  and  towns  purchase  standard  self-register- 
ing thermometers,  a  rain-gauge,  and  shelU^r.  and  appoint  an  interested  person 
aa  observer  was  very  successful.  There  art*  now  thirty-live  places  in  the  Stale 
where  the  instruments  are  personal  property,  and  thirty  stations  where  the  Sig- 
nal Service  has  loaned  the  observers  instruments  with'which  to  make  observa- 
tions. The  education  of  the  several  observers  has  been  a  i)leasant  though  ardu- 
ous personal  task  to  the  director,  the  correspondence  having  assumed  such  pro- 
portions that  it  was  with  difficulty  maintained.  At  the  present  tini(».  however, 
the  corps  of  observers,  with  but  one  or  two  exceptions,  are  fully  iusli-uvitAid  Vkxvi 
capable  of  making  excellent  record.9. 
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There  was  no  financial  aid  asked  from  the  State  or  from  the  cooperating  bodies, 
and  the  entire  expense  of  the  service  has  therefore  been  borne  by  the  national 
bureau,  save  for  the  incidental  expenses  which  were  defrayed  from  personid  funds. 
There  is  no  doubt  but  that  the  next  general  State  assembly  will  make  an  ample 
appropriation  for  continuing  the  work  should  such  a  course  be  deemed  advisable 
at  that  time  by  the  chief  of  the  weather  bureau,  sinoe  the  governor  and  the  sev- 
eral members  of  the  State  legislature  who  have  been  brought  into  contact  with 
the  State  bureau  are  ardently  in  favor  of  aught  that  will  increase  the  benefits  to 
be  derived  from  the  work. 

The  past  spring  has  proven  the  practical  utility  of  the  work  of  the  State  bu- 
reau. The  long  and  severe  drought  in  this  State  made  news  of  an  official  charac- 
ter relative  to  the  rainfall  and  crop  conditions  particularly  valuable  to  the  sev- 
eral business  interests,  and  this  information  was  given  weekly  and  montiily  in 
the  bulletins  issued  by  the  central  office.  The  Chamber  of  Commerce  became  so 
deeply  interested  in  the  State  bureau  work  that  it  required  but  a  suggestion  to 
have  them  have  a  large  bulletin  board  erected  on  which  to  post  the  weekly  weather- 
crop  bulletins  from  Sil  States  having  State  services. 


APPENDIX  7. 


SEPOBT  OF  THE  OFFICER  IN  CHARGE  OF  THE  STATIONS  DIVIS- 
ION 

Washington  City,  June  so^  1891, 

Sm :  I  have  the  honor  to  submit  the  regular  annual  report  of  the  Stations  Di- 
vision of  this  office  for  the  year  ending  June  30,  1891. 

CLERICAL  FORCE. 

Very  little  change  has  been  made  in  tbe  clerical  force,  it  having  been  reduced 
to  the  lowest  limit  consistent  with  efficiency  during  the  previous  year.  The 
clerks  are  thoroughly  competent,  and  in  addition  have  such  a  knowledge  of  the 
division  as  to  be  able  to  attend  to  the  duties  of  those  who  may  be  absent  from 
time  to  time  by  reason  of  leave  or  sickness.  Their  services  in  such  cases  are 
utilized  in  liie  manner  indicated,  so  that  by  dividing  up  duties  at  desks  where 
the  regular  clerk  may  be  temporarily  absent,  everything  is  kept  up  to  date. 

FORCE  AT  STATIONS. 

At  this  date  the  regular  force  at  stations  of  the  first,  second,  and  third  orders, 
and  at  stations  on  the  telegraph  lines,  is  as  follows :  Sergeants,  121 ;  corporals, 
15;  first-class  privates,  124 ;  second-class  privates,  2 ;  civilians  formerly  enlisted 
men,  but  reemployed  under  act  of  Congress  approved  October  1,  1890,  40;  other 
civilians  employed  to  fill  vacancies.  It ;  aggregating  a  total  force  of  319.  Last 
year  the  total  number  of  employes  at  stations  of  the  classes  named  was  298. 

In  addition  to  the  above,  49  assistants,  river  observers  and  messengers,  receiv- 
ing salaries  above  $5  ^r  month,  are  temporarily  employed  at  resfular  meteoro- 
logical stations  and  paid  out  of  the  sub-appropriations  for  maps  and  bulletins,  river 
and  flood  reports,  cotton  region  reports,  or  rents  of  offices  etc. 

Qy  operation  of  law  the  enlisted  men  acting  as  observers,  etc.,  will,  after  this 
date,  sever  their  connection  with  the  military  establishment,  and  such  as  desire 
be  employed  under  the  Department  of  Agriculture,  as  members  of  tho  new 
Weather  Bureau,  and  be  continued  in  their  present  lines  of  duty. 

DUTIES. 

The  duties  of  the  division  have  been  the  same  as  set  forth  in  detail  in  tho  re- 
port of  last  year,  consisting  of  the  general  administration  of  the  stations  of  the 
service  and  of  the  employes  and  their  work;  they  have  been  performed  with 
promptness  and  alacrity. 

There  has  been  a  large  increase  of  work  in  connection  with  the  issue  of  daily 
weather  maps  and  the  daily  forecasts,  the  benefits  of  which  have  been  extended 
to  many  additional  places  which  could  be  reached  in  time  to  make  the  informa- 
tion of  value  to  the  recipients. 

The  assignment,  control,  and  instruction  of  the  enlisted  force  and  of  the  paid 
civUian  observers,  except  at  special  river  and  rain  rail  stations,  has  remained  in 
the  division. 

The  clerical  work  is  attended  to  promptly,  and  no  portion  of  the  duties  con- 
nected with  the  division  is  permitted  to  run  behind. 

The  work  at  the  various  stations  has  been  critically  investigated,  and  as  a  re- 
sult has  been  simplified  in  many  ways  and  its  efficiency  increased  without  addi- 
tional oOBt  or  labor.  It  is  thought  well  in  this  connection  to  state  in  brief  the 
duties  performed  at  the  stations  of  the  various  classes. 

They  are  as  follows: 
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STATIONS  OF  THE  FlltST  ORDEK. 

-Make  observations  daily  at  8  a.  m.  and  8  p.  m.  of  barometer,  temperature,  dew- 
point  and  relative  humidity,  wind  and  weather  precipitation,  if  any,  and  stairs 
of  watey  in  the  river  (in  case  of  river  stations),  record  and  encipher  the  same  in 
a  telogfram,  and  deliver  it  to  the  telegraph  office  within  twenty  minutes  for 
transmission  to  this  office. 

At  certain  designated  stations  the  observers  are  required  to  be  at  the  tele- 
graph offices  at  each  circuit  hour  (twice  daily)  and  transfer  the  reports  from 
selected  stations,  in  order  that  they  may  be  distributed  by  telegraph  over  other 
circuits. 

Make  a.  m.  or  p.  m.  (or  both)  weather  map  or  bulletin,  at  stations  authorized 
to  do  so,  and  distribute  them  throughout  the  city  and  deliver  copies  to  the  post- 
office  or  at  the  railfoad  depots  for  transmission  by  mail. 

Receive  weather  forecasts,  wind-signals,  and  cold-wave  orders  and  distribute 
the  same  by  telegraph  ox  telephone  throughout  the  city  and  to  authorized  points 
in  the  adjacent  territory,  and  receive  and  distribute  cotton-region  reports. 

Record  continuously,  by  means  of  self-registering  instruments,  important  me- 
teorological phenomena,  such  as  wind  direction  and  Telocity,  preoipitation, 
temperature,  barometric  pressure,  amount  of  sunshine,  ete.  In  audition  to  the 
foregoing,  the  observers  perform  other  special  and  variable  duties  too  numerous 
to  classify. 

The  observers  render  weekly,  monthly,  quarterly,  and  annual  reports  and 
returns,  and  also  audit  the  accounts  from  their  substations. 

STATIONS  or  THE  SECOND  ORDER. 

With  the  exception  that  they  do  not  keep  a  full  record  by  means  of  self- 
registering  instruments,  the  observers  perform  the  same  duties  as  at  stations  of 
the  first  order. 

STATIONS  OF  THE  THIRD  ORDER. 

Make  one  observation  daily,  at  8  p.  m.,  of  maximum  and  minimum  tempera- 
ture, direction  of  wind,  state  of  weather  and  precipitation,  if  any,  and  penorm 
such  other  duties  in  connection  with  the  United  States  military  telegraph  lines, 
display  stations,  or  with  State  weather  services  as  may  be  assigned. 

REPAIR  STATIONS  ON  TELEGRAPH  LINES. 

Perform  the  usual  telegraph  duties  and  keep  the  lines  in  repair.  The  observers 
are  also  the  repairmen.  They  make  a  record  daily  of  the  precipitation,  if  any,  and 
send  a  report  of  the  same  monthly  to  this  office  by  mail. 

STATE  WEATHER  SBBVTGE  STATIONS. 

These  are  stations  of  either  the  second  or  third  order  and  the  observers  per- 
form the  duties  incident  to  stations  of  those  classes.  In  addition  they  cooperate 
with  or  act  for  the  State  weather  service  in  collecting  and  dissemmating  me- 
teorological information  bearing  on  the  climatological  conditions  of  the  State 
and  relative  to  the  growth  of  its  staple  crops.  They  issue  weekly  and  monthly 
crop  bulletins  and  other  publications. 

In  connection  with  the  foregoing  defined  duties  at  the  various  classes  of  sta* 
tions  it  should  be  remembered  that  the  duties  of  the  various  stations  of  the  same 
order  differ  very  Inaterially,  and  while  those  of  each  specified  class  may  not  per- 
form all  the  duties  detailed  herein,  they  all  take  the  obsei'vations  indicated  and 
render  regular  reports  to  this  office  by  mail. 

SPECIAL  DISPLAY  STATIONS. 

Special  display  stations  are  established  for  the  i)ur])ose  of  announcing  wind 
8tc»rm8  on  the  northern  lakes  and  on  the  seacoast. 

Warnings  of  the  approach  of  wind  storms  arc  given  by  the  display  of  flags  by 
day  and  lanterns  by  night.  Bulletins  are  also  made  and  posted  in  conspicuous 
public  places,  and  copies  of  the  warning  message  are  furnished  to  newspapers, 
mariners,  and  others.  On  the  Pacific  coast  only  day  signals  are  displayed  at 
present. 

Six-'cial  display  stations  arc  grouped  in  sections,  each  section  being  under  the 
dlix^ction  of  a  neighboring  meteorological  station,  designated  the  section  center. 
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Orders  to  ('isplay  signals  are  sent  from  the  office  of  the  Chief  Signal  Officer  to 
the  observer  in  charge 'of  the  section-center,  who  at  once  distributes  them  by 
telegraph  or  telephone  to  the  several  stations  in  hLs  section. 

The  auth»s  of  display  men  consist  in  hoisting  and  lowering  the  projxu'  signals, 
in  compliance  with  instructions  received  by  telegraph  or  telephone,  and  in  ren- 
dering monthly  and  quarterly  reports. 

Eacii  station* is  supplied  with  a  flagstaff,  full  set  of  flags,  one  red  and  one  white 
lantern,  a  wind  vane,  and  the  necessary  stationery  and  blank  forms. 

Displaymcn  receive  all  their  instructions  from  and  render  all  reports  and  bills 
to  the  observer  in  charge  of  their  respective  centera. 

The  signals  adopted  for  announcing  the  approach  of  windstorms  are  as  follows  : 

(1)  A  cantionm'y  signal^  a  yellow  flag  (8  feet  square)  with  white  center,  will  in- 
dicate that  the  winds  expected  ai*o  not  so  severe  but  well-found  and  seaworthy 
vessels  can  meet  them  without  great  danger. 

(2)  A  storm  simud  a  red  flag  (8  feet  square)  with  a  black  center,  will  indicate  that 
the  storm  is  to  be  of  more  marked  violence. 

(3)  A  red  pennant  (5  feet  hoist  and  12  feet  fly)  will  indicate  that  the  winds  are 
to  be  easterly -«-that  is,  from  northeast  to  south,  inclusive,  and  that  the  storm 
center  is  approaching. 

(4)  A  vJute  pennant  (5  feet  hoist  and  12  feet  fly)  will  indicate  westerly  winds — 
that  is,  from  north  to  southwest,  inclusive,  and  that  the  storm  center  has  passed. 

(5)  When  red  pennant  is  hoisted  above  the  cautionary  or  storm  signal,  winds  are 
expected  from  tne  northeast  auadrant;  when  beloiL\  from  the  southeast  quadrant. 

(6)  When  ^chite  pen^iaiU  is  noisted  above  the  cautionary  or  storm  signal,  winds 
are  expected  from  the  noiihwest  quadrant;  when  below  jtrom  the  southwest  quadrant. 

(7)  Niaht  signals. — A  red  light  will  indicate  easterly  winds ;  a  white  above  a  red 
light  will  indicate  westerly  winds. 

(8)  Infortnatio^i  sianal.—The  "information  signal "  consists  of  a  yellow  pennant, 
of  the  same  dimensions  as  the  red  and  white  pennants  (wind-diiH^ction  signals), 
and  when  displayed  indicates  that  the  local  observer  has  received  information 
from  the  central"  office  of  a  storm  covering  a  limited  area,  dangerous  only  for 
vessels  about  to  sail  to  certain  points.  The  signal  will  serve  as  a  notification  to 
shipmasters  that  the  necessary  information  wul  be  given  them  upon  application 
to  the  local  observer. 

SPECIAL  RFVER   STATIONS. 

The  special  river  system  of  this  Service  provides  for  regular  observations  and 
reports  of  the  stage  of  water  at  favorable  points  on  the  principal  rivers  in  the 
United  States,  by  which  the  water  level  is  reported  daily  to  designated  centers. 
During  periods  of  danger  from  floods  or  imusually  high  wator,  observations  aro 
taken  and  telegraphed  as  often  as  is  considered  necessary  in  the  public  interests. 

These  stations  are  of  special  importance  to  river  commerce  in  furnishing  daily 
reports  of  the  water  in  the  tributaries  of  the  principal  rivers,  in  order  that  the 
future  supply,  for  the  purposes  of  navigation,  may  be  determined. 

At  ilieteorological  stations  located  on  rivers  daily  observations  of  the  stage  of 
water  form  part  of  the  regular  duties.  At  special  river  stations  observers  ai'c 
lappointed  for  the  puriwse.  ^ 

UbservatUms, — Observations  at  special  river  stations  consist  of  taking  and  re- 
cording, at  8  a.  m.,  daily,  (1)  the  depth  of  water  in  the  river:  (2)  the  state  of 
weather;  (3)  direction  of  wind;  (4)  amount  of  rain  or  snow  fall  (if  any)  since  last 
observation;  (5)  time  of  beginning  and  ending  of  rain  or  snow;  (H)  dopth  of  un- 
melted  snow  (if  any)  on  the  ground. 

Observations,  hoio  rcpor/ccZ.— Observations,  when  telegraphed,  are  reduced  to 
brief  dispatches  (in  cipher),  and  are  sent  to  the  district  center;  when  forwai-drd 
by  mail,  the  report  is  sent  on  a  postal  card  to  the  observer  in  cliai-'ro  of  The  dis- 
trict center. 

Centers. — Centera  are  located  at  meteorological  stations  in  citit.'s  wliore  tlie  ri- 
nortscan  be  most  advantageously  collected  and  published  for  the  b<Miolit  of  those 
Interested  in  river  commerce. 

Instntctions,  reports,  bills. — S|>ecial  river  observers  receive  instnietions  from, 
and  render  reports  and  bills  for  services  to,  the  observers  in  charge  of  centers. 

Supplies. — AH  supplies  (except  river  gauge)  are  furnished  l)v  th(»  section  cen- 
ter. 

Public  property  lost  or  destroyed  must  be  accounted  for  ])y  aflidavit  or  other 
•atisfactory  evidence. 

River  gauges. — ^River  gauges  are  of  four  kinds.  The  kind  to  1x5  used  at  eacli 
station  d  determined  by  the  local  conditions. 
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Specifications  and  illustrations,  to  be  followed  in  constructing  the  gauges,  are 
furnished  in  the  "Instructions  to  Special  River  Observers." 

COTTON-BEG  ION  STATIONS. 

The  cotton-region  service  is  for  the  purpose  of  furnishing  information  as  fo 
heavy  rains,  drought,  frost,  violent  winastorms,  and  sudden  and  decided  changes 
in  temperature,  in  order  that  cotton  exchanges,  cotton  merchants,  and  others  in- 
terested, may,  at  frec[uent  intervals,  be  enabled  to  form  a  comparatively  reliable 
estimate  of  the  condition  of  the  growing  crops. 

The  daily  reports  of  the  maximum  and  minimum  temperatures  and  rainfall  are 
received  with  reliability  and  rapidly  disseminated  throughout  the  commercial 
centers  of  the  cotton  region  from  May  1  to  November  30,  each  year.  The  oc- 
currence of  frosts  and  destructive  storms  is  also  reported. 

The  cotton-growing  region  of  the  United  States  Is,  in  order  to  secure  the  best 
telegraphic  facilities,  divided  into  districts,  formed  with  reference  to  existing 
cooperating  railroad  lines.  The  districts  embrace  the  territory  adjacent  to  the 
more  important  cities  in  the  Southern  States  where  full  reporting  meteorologi- 
cal stations  are  located.  Each  district  has  a  center  for  the  concentration  of  re- 
Sorts  fron>  the  several  special  stations,  and  the  name  of  this  center  is  used  to 
esignate  the  district.  Observers  receive  their  instructions  from,  and  render 
reports  and  bills  to  observers  in  charge  of  their  respective  centers. 

Each  special  cotton-region  station  is  supplied  with  an  instrument  shelter,  one 
maximum  thermometer,  one  minimum  thermometer,  one  rain  gauge  and  meas- 
uring stick. 

One  observation  is  taken  daily  at  each  station,  at  5  p.  m.,  central  time  (or  6  p. 
m.,  eastern  time),  consisting  of  the  maximum  temperature,  the  minimum  tem- 
perature, amount  of  rainfsJl  in  past  twenty-four  hours,  occurrence  of  light  or 
killing  frost,  or  destructive  stoinns,  tornadoes,  or  violent  thunderstormB.  This 
observation  is  enciphered  and  telegraphed  to  the  observer  in  charge  of  the  center 
to  which  the  special  cotton-region  station  belongs. 

Observers  in  charge  of  section  centers  having  received  all  the  reports  from 
the  stations  in  their  i*espective  districts,  make  up  the  mean  maximum  tempera- 
ture, the  mean  minimum  temperature,  and  average  rainfall  for  the  diBtriot. 
These  means  are  then  enciphered  and  teleg^raphed  at  t  *  e  midnight  circuit  hour 
over  certain  si)ecified  circuits,  and  observers  at  the  regular  stations  on  these 
circuits  use  the  data  in  preparing  a  bulletin  for  general  information.  Each 
center  also  issues  bulletins  containmg  reports  from  the  stations  in  that  district 
and  posts  a  copy  at  each  of  the  exchanges  and  at  such  other  places  as  will  best 
serve  the  public  interests.  / 

SPEOIAIi  RAmrALL  STATIONS. 

Special  rainfall  stations  are  established  for  the  purpose  of  increasing  the  value 
and  accuracy  of  reports  of  the  stage  of  water  in  the  larger  navigable  rivers  of  the 
United  States  for  the  benefit  of  commerce  and  river  navigation  and  in  order  to 
render  accurate  flood  predictions  possible.  When  specially  heavy  rainstorms 
occur  (of  1*  inches  or  more  of  rainfall)  the  observer  in  charge  of  the  section  cen- 
ter adds  the  names  of  the  stations  reporting  the  same,  and  the  amount  of  rainfall 
thereat  to  his  regular  telegraphic  report. 

These  stations  are  located  at  suitable  points  on  the  watersheds,  at  the  sources, 
and  on  the  principal  tributaries  of  the  large  rivers. 

Duties  of  obscrrevif. — The  duties  of  special  rainfall  observers  consist  in  measur- 
ing and  recording  at  2  p.  m.,  daily,  the  amount  of  rain  that  has  fallen  during  the 
preceding  twenty-four  noui's  and  entering  it  on  a  weekly  form  (postal  card)  pre- 
pared for  the  purpose.  On  Friday  of  each  week  the  card  is  sent  by  mail  to  the 
observer  in  charge  of  the  center  to  which  the  station  belongs. 

The  observer  in  charge  of  the  section  center,  immediately  upon  receipt  of  the 
cards,  furnishes  press  reports  to  such  newspapers  as  desire  to  publish  tne  infor- 
mation. 

Rainfall  stations  are  arranged  in  sections,  and  each  section  center  receives  the 
reports  from  the  several  special  stations  and  disseminates  the  information  so  as 
to  subserve  the  best  interests  of  the  public. 

With  rare  exceptions  rainfall  observers  receive  all  their  instructions  from, 
and  render  all  reports  and  biPs  for  services  to,  the  obscrvei's  in  charge  of  their 
respective  sections. 
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STATIONS  BY   STATES. 

The  report  of  last  year  contained  a  full  list  of  eacli  ot  the  various  class  of  sta- 
UonB,  grouped  by  States.  Since  that  time  the  changes  made  are  ehown  in  thefol- 
lowing  list.    Stations  have  been  openodaiid  closed  during  the  year  as  follows: 


Stations. 

Date. 

Stations. 

Date. 

SECOND  ORDER. 

Bed  Wing,  Minn 

Oklahoma.  Okla 

Furnace  Creek  (Death 

Sept.  10, 1890 
Oct.    17,1890 

Mar.  21, 1891 

July      1,1890 
Sept.  20, 1890 

Do. 
Oct.      4,  1890 
Nov.     4,  1890 
Nov.  n,  1890 
Dee.    31,1890 

Do. 
Mar.  31,  1891 

Aug.  15,1890 
Sept.  10, 1890 
Oct.      1,  1890 

Do. 
Oct.    20.1890 
Dec.    31,1890 

July     1, 1890 
Aug.     1,  1890 
Sept.  12,  1800 
Oct.     20.  1890 

Aug.   15,  1890 
Sept.  30,  1890 
Oct.    25,1890 
Mav    31,  1891 

Apr.     1, 1891 
Apr.  10, 1891 
May      I,  1891 

Nov.  30. 1890 
Jan.      1,1891 
Mar.    10.  1891 
Mar.   31,  18H1 
May  lS,im 

SPECIAL    RIVER  STA- 
TIONS. 

Eslabliglifd. 

[Alao  taking  nlDrall  obser- 

Mount  Canoel.  lU 

Lock  Haven.  Pa 

Wilkesbarre.  Pa 

Harrisbiirf,  Pa 

Huntingdon,  Pa 

DiatimtiHued. 

Boiafi  City,  Idaho 

Newbrunswick.  N.  J-. 

Whipple  Barracks.Ariz 

Oct.    24,1890 
Do. 
Do. 
Do. 
Do. 

Bethel,  Alaska 

Wilsonvillo.  aU 

Salisbury.  Ala.- - 

Tallassee  Falls.  Ala— . 
MontjoniBry,  Ala 

Do. 
Do. 
Do. 
Do. 

St.  Vincent.  Minn 

Yankton,  S.  Dak 

E^abtinhed. 

Bartonville.  Ala 

Do. 
Do. 

Holbrook.  Ariz 

Minneapolis.  Minn 

Ilhaca,N.  Y 

New  Brunswick,  N.  J.. 

Carthage,  N.  Mex 

St.  Vlncent.Minn 

Long  Bridge,  D.  C 

Bismarck,  N.  Dak 

June     1, 1881 
Do. 
Do. 

Tuscaloosa,  Ala _. 

Claiborne  Landing  ,Ala . 

Oct.    24,  1890 
Do. 

Diseontmwd. 

Fort  Maginnis,  Mont._ 

Fort  Verde,  Ariz 

Anvlk.  Alaska 

Eurkesville.Ky! 

Went  Newton,  Pa 

Fayetteville,  N.C 

Danvillo,  Va 

Do. 
Do. 

Do. 

ClarksviUe.  Va 

Weldon.  N.C 

Do. 

REPAIR   STATIONS. 

Dis^imlinved. 

Cape  Girardeau.  Mo.  - . . 

WaiTen,Pa 

Parkers  Landing,  Pa  .. 

Do. 
Do. 
Do. 

Holbrook,  Ariz - 

Do. 

Do. 
Do. 

Neah  Bay.  Wash 

DISPLAY  STATIONS. 

EstalAOihed. 

Greensboro,  Pa 

Lillington.  N.C 

1>3. 

Do. 

Fall  River,  Mass 

RodRiverCity,  Tes  — 
Eaele  Pass.  Tex 

Dec.      1, 1890 
Deo.     5, 1890 

Do. 

Aberdeen.  Wash 

JJisconlinufd. 
Chicago  Wa1«r   Crib, 

Cordova.  Ala.  (K.  C, 
Mem.  &  Bir.  K.  R.).- 

Columbua.  Miss.- 

Cordova,  Ala.  (Ga.  Pac. 
K  R) 

Do. 

Do. 

Gay  Headlight,  Moss  . . 
Appalachicola,  Fla  .-.. 

Brialol.R.  I 

Peachion,  Ohio 

ShawneeiowD,  III 

Arthur  City,  Tex 

Camden.  S.  C 

Cheraw.S.G 

Jan.    31,1891 
Do. 

Feb.    28,1891 
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Stations  by  States^Coniiaued. 


Stations. 


SPECIAL  RIVER  STA- 
TIONS—cont'd . 

Eata  hlislied— 'Con  tinned . 

Wateree,  S.  C.  (on  the 
Congaree) 

Watei-ee,  S.  C.  (on  the 
Wateree ).-, 

Effingham,  S.C 

Nichols,  S.C 

Tellers  Ferry,  S.C 

Discontimted, 

Qrand  Tower,  111 

Bartonville,  Ala 

Chester,  Ala 

Eddyville,  Kv 

Red  River  City,  Tex... 

SPECIAL  COTTON-RE- 
GION'STATIONS. 

Entahlishcd, 
Sherman,  Tex 


Stations. 


Mar.  31,  1891 

Do. 
Do. 
Do. 
Do. 


Oct.    24,1890 
Nov.  30,1890 

Do. 
Jan.    12,  1891 
Feb.     1,  1891 


SPECI A  L  COTTON-REGION 

STATIONS— cont'd. 
DUiConti  lined, 
Howe.  Tex 


SPECIAL  RAINFALL 
STATIONS. 

Estahlisdicd, 

Motes.    Winston    Co., 

Ala 

Talladega.    Talladega 

Co..  Ala 

Now  Castle,  Pa 

Stoj'csto wn ,  Pa 

Ridgeway .  Pa 

Du  Bois.  Pa 

Oak    liidge,   Guilford 

Co.,  N.  C 

Chapel    Hill,    Orange 

Co.,  N.  C 

BlscoMinued. 


June     1,  1891    i  Tracy.  Minn 


Date. 


May    31,  1891 


Oct.    24,1890 

Do. 
Do. 
Do. 
Do. 
Do. 

Do. 

Do. 


May    15,1891 


Note.— The  name  of  the  special  rainfall  station  at  Charleston.  N.  C,  was,  on  January  81,  1891 
changed  to  Bryson  City.  N.  C. 

RECAPITULATION. 
Stations  Established  and  Discontinued  during  the  Year. 


Established.  I  Discontinued. 


Stations  of  the  second  order 
Stations  of  the  third  order.. 

Repair  stations 

Display  stations 

River  stations 

Cotton-region  stations 

Rainfall  stations 


Total 


3 
6 
0 
4 
53 
1 
8 


9 
4 
6 
5 
5 
1 
1 


to 


31 


STATIONS  OF  THE  SIGNAL  SERVICE  IN  OPERATION  ON  JUNE  30,  1891. 

Stations  of  the  first  order  (making  continuous  records  by  means  of  self- 
registering  instruments) *26 

Stations  of  the  second  order  (taking  two  observations  daily ). *116 

Stations  of  the  third  order  (taking  one  observation  daily  at  8  p.  m.) *30 

Repair  stations  on  United  States  military  telegrapli  linos 12 

Special  display  siMions --..' 76 

Special  river  stations 112 

Special  cotton- region  stations 115 

Special  rainfall  stationrt    ... .  63 

State  weather  service  station,  taking  no  observation  (Cambridge,  Mass.). . .  1 

Total  stations  in  oi>oration 541 

*  Including  also  statiuiid  co&peraiiug  vrlth  t\ie  SvoAe  Yr«\ktliQr  services. 
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The  following  table  has  been  compiled  for  incorporation  in  this  report,  as  it  ia 
thought,  in  view  of  the  change  in  the  status  of  the  Signal  Service,  that  the  Inror- 
mation  will  be  v^uable  tor  mtiive  reference. 

The  table  shows  the  et&tions  of  the  flr^t  and  second  ordci'S  on  Juno  'SO,  1801 : 

[The  Ifltiet  a.  Indlcai™  that  win'l  slgnali 
Ion-region  obBttrrattoiu  are  t&ken :  d, 
ler  lo  which  apecUlrr'^ 


»  work  IB  done ;  I 


Fifsl  (tJifrc. 

Boston,  Mass 

Buffalo,  N.Y 

Chicago,  111 

Clnclnoatl,  Ohio 

Cleveland, Ohio 

Denver,  Colo 

Detroit,  Mich 

Dodge  City,  Kans 

Duluth.Minn* 

Eastport,  Me 

Galveston,  Tex 

Kansas  City.  Mo 

Memphis,  Tenn _ 

Now  Orleans,  La 

New  York  City 

Philadelphia.  Pa 

PlfUhurg,  Pa 

Portland,  Oregon 

St.  Louis,  Mo 

St.  Paul,  Minn 

SaltLake  City,  Utah.. 

Savannah,  Qa 

Santa  Fg,  N.  Mex  . 

San  Diego,  C«l _.. 

San  Francisco.  Cal 

Washington  City 

Second  order. 

Abilene,  Tex Sept.  1 

Albany.N.Y Dec.  22.  iH73      :i       2   ....'..... 

Alpena,  Mich  .-. !  Sopt.  10. 1872      !       'l  _-..'..-.'. 

*  Mails  loaned  d  urlQif  nuvigatlon  uuly. 


Nov.  19. 
Nov.  1. 
Sept.  15. 
Nov,  1, 
Apr.  J. 
Apr.  IS. 
.July  1. 
Feb.  m. 


1870 
1874 
1870 
1873 
1871 
18.-W 


i 


)V.    1.1870       i 


Nov.    1, 1S71I  8  ■>. 

io 3  2 

■.  IB,  1874  2  2 

,     1,1871  2  2 

■.  20, 1871  2 

Nov.    1.1871  2 

Mar.    8,1871  4  2 

Nov.    1,1870  i 


a.'  d.'  f 
.  b,  d. 


;,  d,  I. 
i.e. 
=,  d. 

i-o.d,t,g. 


:i    <i.  d, . 

..J  b.  d, . 
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'  StatiHical  tabU  of  jitaJiona— Continued. 


laJ 


Secouil  oi^er — Cont'd. 

AHSlnniboiiie,  Fm-t  ,Mon  t . 

AtlanticCily,  N.  J - 

Atlanta,  Ga 

Augusta.  Gb 

Baker  Citv,  Oregon 

Baltimore,  Md 

Bisinarek,  N.  Dak 

Block  Island,  R.  I 

BrownevillD,  Tex 

Buford,  Fort,  N.  Dak... 

Cairo.  Ill 

C^nby,  Port.  Wash 

Charleaton.  S.  C 

Charlotte,  N.  C 

Chattanooga.  Tenn 

Cheyenne,  Wyo 

Columbus,  Onio... 

C-oncordift.  Kans -. 

Corpus  Christi,  Tex 

Cust«r,  Fort,  Mont 

Davenport,  Iowa 

Oea  Moines.  Iowa 

Dubuque.  Iowa 

Du  Chcsne.Port,  Utah." 

K!  Paso.  Tex 

Erie.  Pa 

Eureka.  Cal.- 

Fort  Smith,  Ark 

Fresno  City,  Cal 

Grand  Haven,  Mich 

Grant,  Port.  Ariz 

Green  Bay.  Wis.-- 

Green    Mountain,  Me.*. 

Harrisburg,  Pa 

Hatteras,  N.  C 

Helena,  Mont 

Huron,  S.  Dak.- 

Indianapolia,  Ind 

Jacksonville,  Ftu.f 


Sept.  25. 1( 
Dec.  10;i873 
Nov.    2,1870 


Sept.  I 
Sept. 

Oct.  23;  1878 
June  1, 1871 
Sept.   ~ 


5. 1871 

(i,  1878 
8, 1879 
1, 1870 


Got. 

Nov'. 
July  . 
Jan.  27,1885 
Oct.  1. 1886 
Dec.  5. 1878 
May  £1,1871 
Aug.  1,1878 
July  10,1873 
Sep"t.  1.1887 
Nov.  5.1877 
May  2.1.1873 
Doc.  1, 1886 
June  1,1882 
July  26,1887 
May  24,1871 
Nov.  1,1875 
Sept.  ],188H 
May  1, 1889 
Julv  1. 1888 
Dee.  1.1880 
Oci.  15,1870 
July  1, 1881 
Feb.  10,1871 
Sept.  II.  1 


!,  d,  (. 
1. 

:,  d,  e. 


•Two  observations  tBk«n  ilMlf  but  not  lelegraphal. 
tUapo  ISDUiHl  rrom  November  IS,  u>  May  Ifi. 
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SUtiOQS. 

i 

z 

3 
3 

•5 

i 

t 

3 

f,   ■ 

n 

li 

1 
I 

! 
1 

< 

•0 

1 

i 

B 
B 

ii 

1 
!l 

St. 
IS 

11 

=  ■3 

f 

ii 

f 

1 

1. 
1 

1 

1 

Second  order— CooVi. 

Jan.     1, 1888 
Feb.     1,1885 
July  16,1871 

3 

2 

a. 

b,d. 

b,  d,  c. 
d,B. 

Keokuk.  Iowa-     

Knoxvillo,  Tenn 

L«CrOB8e.Wia 

Ijinsing,  MiL-h." 

Jan.     1,1871 
Oct.   15,1872 

8 

52':::: 

...io.: i 

July     1, 18791    ,1 
July     1,1877  i    ;i 

Little  Rock,  Ark 

Los  Angele#,  Cai 

LoulBville,Ky.,. 

3 

0 

....  ii '.... 

b,  0,  d,  g. 

Sept.  II,  1871  1    :{  ;    2 

19 

10 

4 

b,d,e,g. 

Nov.  13,18861    1 
July     1, 1888  i     1 
May     1,1871  :    I 
July     5.1887:    I 
July     l,lS8nj    i 
Nov.    l,1870j    3 
Nov,    7.1870;    2 
Nov.    11,1870      2 
Feb.     .'i,  188.i!    1 
Jan.     1.1881      1 

Manistee.  Mich-t 

MeKinney.  Fort,  Wyo.. 

Meridian,  Miss.: 

Milwaukee,  Wis 

I 

T 

.... 

il: 

2 
2 

16 
62 

42'!"! 

:;?;j,f. 

Montgomery,  Ala 

5  ;-.. 

c.  d,  e. 
d. 

Ml.  WBshitia-ton.  N.H.". 

Dee.     1, 1870 
Feb.     4,1888 
Nov.     J,  1870 
Dec.  10.1872 
Jan.   10.1871 
Jan.     1. 1871 
Nov.  13. 1K8« 
Sept.  15,1874 
Oct.   17,189(1 
July     1,1877 
Nov.    1,1870 

..-.do 

Dec.    J,  1881 
July     1, 1888 
Oct.   27,I87<.» 

h. 

2 

3 
2 

3 
2 
2 
2 

2 
2 

Nashville,  Teim.- 

New  Haveo,  Conn 

New  London.  Coon 

40 

(1 

b.  c,  d,  e,  g. 

il,  f. 
a.  d,  f. 

Oklahoma,  Okla 

Olympia,  Wash 

I 

d. 

53 
0 

1 

Parkcrsburir,  W.  V»... 
Penaacola,  Fla- 

"20" 

::::!:::: 

l:t 

*  Two  obiwrvallnti 
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Stnt luteal  table  of  srod'on.i— ContiDued. 


StatloDB, 

i 

1 

= 

i 

1 
■s 

1 

a 

i 
i 

ll 
f  s 

1 

a 
a 
4 

1 

1 

e 
a 

0^ 

it 
11 

a 
a 

if 

If 

1 

i 

it 

II 

■Si? 
1° 

\ 

■a 
3 

1 

Second  orifci-— Cont'd. 
Port  Angeled.  Wash*... 

Feb.     1, 1885 
July   25,1874 
.Ian    15,1871 
Juno    1,1888 
Oct.  25.1886 

2 

1 
1 

31 

Raleigh,  N.C _ 

Rapid  City,  N.  Dak 

23  i..„ 

0,  d,  o,  g. 

■luly     1, 1887 

' 

RioGr8ndeCity,Tej(...IMay  28,1875 

July     1, 1877 
Sept.  22, 1875 
Aug.  12,1877 
Apr.    1,1888 
Sept.    3,1871 
June  23, 1875 
July     1,1880 
Feb.     5, 1881 
July     1,1879 
Jan.     3, 1883 
Jan.     1. 1885 
May     1,1872 
Mar.  13,18«) 
July     1,1887 
Nov.    1,1870 
Jan.   27,1885 
Sept.  10, 1871 
Dec.     1, 1885 
Dec.     1, 1881 
July     1, 1883 
Jan.     1,1871 
July     1, 1877 
Nov.  18,1873 

3g 

al  dl  f. 

Sliroveport,  La.t -. 

U 

h',c.i. 

Bioux  City,  Iowa. _ 

Spokane  Falls,  Wash_.. 

26 

b,  d. 

38 

t'- 

Spi-ingfleldiMo--.- 

Sully,  Fort,  S.  Dait 

18 

46 

»,  a,  f. 

VIcki.bi.i-g.  Mi™ 

Walla  Walla,  WBah..._ 
Washakie,  Fort,  Wyo... 
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Hours  of  duty  at  stations.— In  connection  with  the  stations  it  might  be  well  to 
say  Uiat  the  average  daily  hours  of  duty  of  each  man  at  the  regular  first  and 
second  order  stations  of  the  ser\*ice,  as  compiled  from  the  detailed  reports  of 
observers,  are  about  8.6  hours. 

During  the  year  2,016  monthly  abstracts  of  journal  have  been  examined ;  the 
acknowledgments  of  all  general  orders,  circulars,  and  circular  letters  mailed*to 
stations  have  been  checked,  and  the  correspondence  division  notified  as  to  all 
general  ordere  and  circulars  reported  missing  from  station  files. 

A  monthly  report  showing  aosence  of  the  enlisted  men  on  station  on  account 
of  sickness,  and  cost  of  medical  attendance  and  medicines  for  them,  has  been 
rendered  to  the  Chief  Signal  Officer  for  his  information  and  that  of  the  disbursing 
officer  of  this  service. 

Three  hundred  and  thirty-eight  changes  in  stations  of  the  enlisted  men  (and 
those  who  have  become  civilians  since  the  act  of  October  1,  1890)  have  been 
made  in  special  orders  on  the  recommendations  of  the  stations  officer. 

Total  number  of  days  the  enlisted  men  of  the  Signal  Corps  were  absent  from 
duty  on  account  of  sickness  during  the  fiscal  year,  1,342;  1.3  per  cent. 

Total  number  of  da^^s  the  men  (the  enlisted  men  and  those  who  have  become 
civilians  since  the  act  of  October  1, 1890)  of  the  Signal  Corps  were  absent  from 
duty  on  account  of  leaves  of  absence  and  furloughs  granted  during  the  fiscal  year, 
3,310i;  3.2  per  cent. 

REMOVAL  OF  OFFICES. 

It  has  been  found  necessary,  in  the  public  interests,  to  remove  the  signal  offices 
at  the  following  places,  either  to  secure  better  exposure  of  instruments,  greater 
efficiency  in  connection  with  the  business  interests,  or,  other  things  being  equal, 
to  secure  public  quarters  froe  of  I'cnt : 


Atlanta,  Ga.,  May  30, 1891. 
Augusta,  Ga.,  May  1,  1891. 
Baltimore,  Md.,  May  31, 1891. 
Charlotte,  N.  C,  Apr.  1,  1891. 
Denver,  Colo.,  May  1,  1891. 
Detroit,  Mich.,  Nov.  16,  1890. 
Duluth,  Minn.,  Apr.  1,  1891. 
Fresno,  Cal..  Sept.  30,  1890. 
Green  Bay,  Wis.,  May  1, 1891. 


'  Helena,  Mont.,  May  1,  1891. 
Huron,  S.  Dak.,  May  1, 1891: 
Memphis,  Tenn.,  Nov.  1,  1890. 
Pueblo,  Colo.,  Feb.  28,  1891. 
Roseburg.  Oregon,  ,Tuly  1,  1890. 
Spokane  Falls.  Wash.,  Nov.  6,  1890. 
Valentine,  Nebr.,  Dec.  31,  1890. 
Wilmington,  N.  C,  Apr.  13, 1891. 
Carson  City,  Nev.,  June  1, 1891. 


STATIONS  LOCATED  IN  PUBLIC  BUILDINGS. 

The  following  list  shows  the  places  in  which  office  rooms  have  been  secured  in 
public  buildings,  free  of  cost ;  also  public  buildings  in  which  Signal  Service  offices 
arc  located : 

Albany,  N.  Y.,  U.  S.  post-office  building. 

Apache,  Fort,  Ariz.,  U.  S.  military  post  building. 

Assinniboine,  Fort,  Mont.,  U.  S.  military  post  building. 

Atlanta,  Ga.,  U.  S.  ix)st-offico  building. 

Auburn,  Ala.,  State  Agricultural  and  Mechanical  College. 

Augusta,  Ga.,  U.  S.  post-office  building. 

Baltimore,  Md.,  U.  S.  custom-house  building. 

Bismarck,  N.  Dak.,  quartermaster's  building. 

Boston,  Mass..  post-office  building. 

Bowie,  Fort,  Ariz.,  military  post. 

Buford,  Fort,  N.  Dak.,  military  ]X)st. 

Cairo,  III.,  U.  S.  custom-house  and  post-office  building. 

Canby,  Fort,  Wash.,  Signal  Service  building. 

Cape  Henry,  Va.,  Signal  Service  building. 

Carson  City,  Nov.,  if.  S.  court-house  and  post-office  building, 

Charlotte,  N.  C,  U.  S.  post-office  building. 
*     Chattanooga,  Tenn.,  county  court-house. 

Cincinnati,  Ohio,  U.  S.  custom-house. 

Columbia,  S.  C,  State  Agricultural  College. 

Crete,  Nebr.,  Boswell  Observatory,  Doane  College. 

Custer,  Fort,  Mont.,  military  post  building. 

Columbia,  Mo.,  experimental  station  building. 

Des  Moines,  Iowa,  U.  8.  post-office. 

Du  Chesne,  Fort,  Utah,  militai'y  post  building. 
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Erie,  Pa.,  U.  S.  court-house  and  post-oflRce. 

Furnace  Creek,  Cal.,  Smith's  borax  camp  (not  in  public  building,  located 

in  said  camp  in  Death  Valley,  with  no  expense  for  rent). 
Rio  Grande  City,  Tex.,  canteen  building-,  military  post. 
St.  Louis,  Mo.,  IT.  S.  post-office  and  custom-house. 
St.  Vincent,  Minn.,  i*ailix)ad  telegraph  office. 
San  Antonio,  Tex.,  headquarters  Department  of  Texas. 
Sandusky,  Ohio,  U.  S.  custom-house. 
Shreveport,  La.,  U.  S.  post-office  and  custom-house. 
Sill,  Fort,  Okla.,  military  post  building. 
Southport,  N.  C,  Signal" Service  building. 
Springfield,  111.,  U.  S.  post-office  building. 
Sully,  Fort,  S.  Dak.,  military  post  building. 
Stanton,  Fort,  N.  Mex.,  military  post  building. 
Tatoosh  Island,  Wash.,  Signal  Service  building. 
T^omafi,  Fort,  Ariz.,  military  post. 
Toledo,  Ohio,  U.  S.  custom-house. 
Topeka,  Kans.,  Washburn  College. 
University,  Miss.,  building  in  university  grounds. 
Washakie,  Fort,  Wyo.,  military  post  building. 
Washington,  D.  C,  Signal  Service  buildings,  Twenty-fourth  and  M  streets 

NW. 
Wilmington,  N.  C,  U.  S.  custom-house  and  post-office. 
Woods  Holl,  Mass.,  Fish  Commission  building. 
Yates,  Fort,  N.  Dak.,  military  post  building.       • 
Yuma,  Ariz.,  quartermaster's  building. 

CAUTIONARY  AND  STORM  SIGNALS  SERVICE. 

This  subject  has  been  exhaustively  treated  in  past  years  and  little  remains  to 
bo  added.  However,  it  may  not  be  improper  to  say  that  the  same  success  that 
has  heretofore  marked  its  existence  has  attended  this  valuable  branch  of  the 
service  during  the  past  year.  The  marked  improvement  that  has  been  noticed 
is  mainly  due  to  the  experience  of  the  past,  with  a  careful  study  and  application 
of  the  causes  tending  to  produce  the  required  results.  The  general  effect  of  this 
has  been  to  stimulate  a  higher  regard  for  and  greater  confidence  in  the  forecasts 
in  this  direction  and  a  consequent  increased  demand  for  them. 

The  results  in  this  dii^ection  have  not  been  as  extensive  nor  as  satisfactory  as 
should  reasonably  be  expected,  owing  to  the  very  meager  and  oftentimes  insuf- 
ficient appropriations  at  the  disposal  of  the  Chief  Signal  Officer,  who  is  frequently 
compellea  to  deny  the  petitions  of  mariners,  shippers,  and  others  interested  for 
increased  service,  because  money  has  not  been  available  for  carrying  them  out 
as  desired. 

All  available  means  have  been  adopted  to  increase  the  efficiency  and  usefulness 
of  the  wind-signaJ  displays.  This  branch  of  the  service  has  met  with  marked 
encouragement  and  assistance  from  the  general  public,  and  it  continues  to  grow 
in  popularity  and  in  the  estimation  of  those  interested. 

Four  special  display  stations  have  been  discontinued  and  four  established  dur- 
ing the  year ;  the  general  display  service  has,  however,  been  otherwise  extended 
by  increasing  the  number  of  reg^ular  stations  displaying  the  signals,  and  also  by 
the  voluntary  service  of  several  interested  citizens  who  ^ive  their  services  with- 
out compensation  from  the  United  States,  and,  in  a  few  instances,  furnishing  all 
the  outfit  necessary  for  the  display. 

There  are  at  present  in  operation,  including  both  regular  stations  of  the  ser- 
vice, and  the  special  or  sub  stations,  on  the  Great  Lakes,  53  stations ;  on  the  At- 
lantic coast,  r4  stations ;  on  the  Pacific  coast,  10  stations ;  and  on  the  Gulf,  12 
stations  making  a  total  of  129  stations  of  all  classes  displaying  signals — an  in- 
crease of  11  over  the  number  in  operation  at  the  end  of  the  last  fiscal  year. 

Signals  are  displayed  on  the  lakes  only  during  the  season  of  navigation.    This 
year  they  were  discontinued  on  December  5,  1890 ;  they  were  resumed  on  April   . 
16, 1891,  except  on  Lake  Superior,  where  the  season  oi)ened  May  1, 1891. 

COTTON-REGION  SERVICE. 

No  important  changes  in  this  branch  of  the  service  have  been  made  since  last 
report,  tne  system  then  in  vogue  ])roving  satisfactory,  the  appropriations  not 
admitting  an  extension  of  its  operations. 
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The  same  number  of  district  centers  (12)  and  special  cotton-region  stations 
(115)  have  been  in  operation  during  the  past  year  that  existed  the  year  previ- 
ous. 

OBSERVATIONS  OF  TEMPERATURE  OF  WATER. 

The  observations  of  the  temperature  of  the  water  were  continued  at  the  fol- 
lowing stations  up  to  November,  1890,  when,  by  agreement  with  the  Fish  CJom- 
mission,  they  were  discontinued : 


Stations. 

Observa- 
tions began. 

1 

Stations. 

1 

Observa- 
tions began. 

Boston.  Mass --.. 

May,  1881 
Nov.,  1883 
Apr.,  1874 
May,  1874  j 
Dec,  1873  : 

Kev  West,Fla 

Juno,  1874 

Fort  Canbv,  Wash 

New  London,  Conn 

New  York  Citv 

Apr.,  1874 
Dec,  1873 

Charleston.  S.  C 

Eastport,  Me ^-- 

Gal  veston,  Tex -- 

Pensacola,  Fla 

Apr.,  1881 
May,  1881 

Portland,  Oregon 

INSTRUCTION  OF  ASSISTANT  OBSERVERS. 

Owing  to  the  impending  transfer  of  the  weather  service  to  the  Agricultural 
Department,  enlistments  for  the  meteorological  bi^nch  ceased  in  September,  1890 
and.  in  consequence,  the  number  of  men  under  instruction  has  rapidly  decreased 
since  that  date.  There  have  been  27  men  under  Instruct  ion  during  the  year.  By 
April  1,  1891,  all  but  7  had  been  reported  as  having  linished  their  course  as  assist- 
ant observers  and  become  proficient  in  their  duties. 

Durine  the  last  half  of  the  year  the  in.struction  has  been  mostly  confined  to 
studies  closely  allied  to  meteorological  duties  and  the  instructions  to  observers, 
as  amended  from  time  to  time;  duties  pertaining  purely  to  the  military  service 
having  been,  to  a  certain  extent,  passed  over. 

On  Junol,  there  still  being  12  second-class  privates  under  instruction,  or  of 
less  than  one  year's  service,  the  observers  in  charge  of  their  respective  stations 
were  call^  on  for  special  report  as  to  the  general  knowledge  and  proficiency  in 
station  work  of  each  of  these  men,  with  a  view  to  rocommcnding  their  promotion 
to  the  grade  of  first-class  privates.  All  were  subsequently  reported  as  qualified 
and  promoted  accordingly. 

LOCAL  FORECASTS. 

The  success  attained  at  the  stations  making  local  forecasts  has  been  gratifying. 
During  the  year  45  observers  have  been  authorized  to  make  such  forecasts  of 
weather  and  temperature .  Numerous  appl  ications  have  been  received  for  author- 
ity to  include  forecasts  of  wind  and  river  stages,  and  several  observers  have  asked 
permission  to  make  local  forecasts  for  forty-eight  hours  instead  of  for  twenty-four, 
as  now,  while  one  desired  to  make  them  tov  the  entire  State.  Notwithstanding 
the  fact  that  all  of  the  applicants  were  probably  well  qualified,  it  was  decided  best 
not  to  extend  the  scope  of  this  feature  of  the  service  until  the  present  plan  of 
making  weather  and  temperature  forccastJj  had  been  given  sufficiently  thorough 
trial  to  carry  it  beyond  the  tentative  stage. 

The  officer  in  charg^e  at  Chicago  was  authorized  to  include  the  direction  and 
velocity  of  wind  in  his  local  forecasts,  but  upon  his  being  relieved  from  that  sta- 
tion this  element  was  omitted,  so  that  forecasts  of  weather  and  temi)eratureonly 
are  made. 

The  officer  in  charge  at  San  Francisco  has,  as  heretofore,  continued  to  make 
forecasts  for  the  Pacific  coast  region. 

At  stations  where  the  receipt  of  the  official  forecastii  would  delay  the  maps 
beyond  the  regular  time  of  issue,  authority  has  lx*i3n  given  the  observers  to  sub- 
ttuute  the  local  forecasts  on  such  maps  as  were  intended  for  distribution  at  the 
place  of  issue,  or  in  the  immediate  vicinity. 

FROST   WARNINGS. 

The  season  of  1890  in  cranberry  and  tobacco  districts  was  so  favorable  for  the 
Mtfe  harvesting  of  these  crops  before  the  occurrence  of  killing  frosts  that  the 
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warninpr^«,  when  receivod,  wero  of  comparatively  little  value  to  the  interests  af- 
fected, and  for  this  reason  alone  many  adverse  ropoi'ts  were  received  as  to  the 
usefulness  of  frost  warninjjfs  in  the  districts  named  above.  In  the  cranberry 
districts  the  observers  at  HoHton,  Mass.,  Milwaukee,  Wis.,  and  Philadelphia, 
Pa.,  are  su])plied  with  frost  warninj^^s  durinjf  the  sea.son  (May  J  to  November  1 
of  each  year)  for  distribution  to  authorized  points;  in  tobacco\listrict«  the  warn- 
ings were  sent  (from  September  1  to  November  1)  from  this  office  to  the  follow- 
ing stations  for  the  same  purpose :  Hartford,  Conn.:  New  Haven,  Conn.;  Palmer, 
Mass.:  Springfield,  Mass.:  Klmira,  N.  Y.:  New  York,  N.Y.;  Philadelf^hia,  Pa.; 
Harrisburg,  Pa.:  Lanca.stor,  Pa.:  York.  Pa.:  Wilmington,  Del.;  Lynchburg, 
Va.:  Richmond,  Va.:  Raleigh,  N.  C:  C!incinuati,  Ohio;  Lexington,  Ky.;  Louis- 
ville, Ky.;  Nashville.  Tenn.:  Memphis,  Tenn.;  Kansas  City,  Mo.;  bt.  Louis, 
Mo.:  and  Madison.  Wis.:  while  a  limited  number  of  pointij  in  Mary  land  and  Ohio 
(on  the  Baltimore  and  Ohio  Railroad)  have  been  furnished  with  the  warnings 
direct  from  the  Washington  City  office ;  in  sugar  districts,  from  October  1  to  April 
1,  the  obsorver  at  New  Orleans.  La.,  wa.s  furnished  with  such  warnings  for  ai»- 
tribution:  the  fruit  and  vegetable  districts  were  supi)lied  with  frost  warnings 
through  the  observers  at  Chattanooga,  Tenn.  (September  15  to  May  1) ;  Charles- 
ton. S.  C.  (Octob^3r  I.")  to  April  15);  Jacksonville,  Fla.  (November  to  March  in- 
clusive): and  Mr.  David  Risley.  Georgetown,  S.  C.  (October  I  to  April  1).  Si)ecial 
warnings  wer*^  also  sent  from  Sei)tember  1  to  November  1,  to  Auburn,  Ala.  (for 
Alabama),  and  to  the  secretary  of  the  New  Orleans  Cotton  Exchange,  New  Or- 
leans, La.  (when  frosts  are  predicted  for  any  portion  of  the  cotton  region). 

The  following  extniots  from  reports  of  observers  in  charge  at  distributing  cen- 
ters show  that  the  warnings  are  considered  valuable  in  a  majority  of  districte 
and  should  be  continued  during  the  coming  season : 

[DoHton,  Mass.  (219  Obs..  1891).] 

Postmaster  South  Yarmouth,  Mass.:  "The  warnings  are  of  considerable  value 
to  the  cranberry  growers,  and  several  have  saved  their  crops,  being  harvested 
this  fall,  but  I  am  unable  to  give  any  figure  values.  The  growers  are  anxious  to 
have  them  continued  another  year." 

Operator,  Barnstable,  Mass. :  *  *  The  frost  warnings  were  received  hero.  Think 
they  would  be  of  benefit  to  the  cranberry-grower.  But  the  last  year,  1890,  they 
were  received  after  the  crops  were  in,  or  most  in. 

Operator,  Plymouth,  Mass.:  '*  We  hacl  no  frosta  the  past  season  of  any  accoimt 
until  the  cranberry  season  was  over.  Most  of  the  large  cranberry  bogs  ai'e  5  or 
6  miles  fi'om  this  office,  and  the  owners  say  they  are  too  far  away  to  derive  much 
benefit  from  the  warnings.  There  are  one  or  two  nearer  who  have  started  bogs, 
and  say  next  season  they  shall  look  out  for  the  warnings." 

Observer,  Vineyard  Haven,  Mass.:  '*They  are  deemed  quite  valuable  in  this 
vicinity  and  should  be  continued  next  season." 

Operator,  Hyannis,  Mass.:  *'Oneof  our  cranlxjrry-shippei's  suggests  flag  and 
staff  be  provided  for  the  warnings.  He  says  that  they  will  then  be  of  more  l^nefit 
to  the  growers  if  this  is  done.  We  post  the  warnings  in  the  post-office,  but  the 
bogs  are  iH^moto  from  the  village,  so  they  are  not  seen  by  many  of  the  growers. 

•*  The  past  season  was  an  unusually  favorable  one  for  harvesting  the  cranberry 
crop,  and  the  weather  was  good  and  frost  late.  The  reports  herewith  are 
mostly  conflicting  with  those  heretofore  received  (the  adverse  ones),  and  l.am 
disposed  to  account  for  the  same  by  the  favorable  weather  and  consequently  less 
attention  to  the  frost  warnings." 

[Wilmington,  N.  C.  t4,91>9Sig..  1891).] 

K.  Porter,  M.  D.,  Rocky  Point,  N.  C,  savs:  "Frost  warnings  have  been  re- 
ceived regularly  during  the  past  season  as  in  former  years,  and  have  saved  our 
truckers  and  berry-growers  thousands  of  dollars  by  enabling  them  to  wi*ap  up 
and  otherwise  protect  those  crops,  which  are  of  increasing  importance  to  the 
farmers  of  eastern  North  Carolina.  Our  berry-growers  and  truckers  fully  ap- 
preciate your  valuable  information." 

[(•Inclnnatl,  Ohio  (.llOObrt.,  I89n,] 

*  *  *  ''  No  tobacco  was  saved  ])y  the  warnings  the  past  season,  nor  could 
there  have  been,  for  the  reason  that  the  tobacco  wa«  cut  )>eforo  the  warnings 
came.  They  (the  growers)  admit  that,  owing  to  wide-spread  conviction  that  fi-osl 
would  comeeai'ly  last  season,  a  great  part  of  the  tobacco  ci*op  was  prcmaturoly 
cut^  resulting  in  an  inferior  qiutlity  and  in  some  cases  stem  rot  in  the  shea; 
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whereas  if  they  had  had  the  confidence  to  leave  tlicir  crop  growing^  until  a  frost 
warning  came,  the  tobacco  would  havo  ri]X}ncd;  would  have  been  a  far  better 
quality  and  hcneo  more  valuable.  This  coincides  with  statements  of  loading 
tobacco  men  here,  reix)rted  in  my  letter  of  October  18,  1890,  i.  f.,  that  *much 
tobacco  had  been  cut  too  gi'oen  this  season  owing  to  a  panic  among  farmers  in 
reffard  to  early  fro»t  which  did  not  occur.*-' 

Dr.  J.  F.  Scott,  Williamstown,  Ky.,  is  of  the  opinion'.that  the  warnings  are  not 
of  benefit,  ao  the  farmer»,as  a  rule,  do  not  see  them,  or  if  they  do,  do  not  under- 
BtAnd  fhem,  or  else  disrogaixl  them  and  become  panicky  and  rush  to  cutting  at 
everv  cold  wave.  "  Last  fall,  early  in  September,  there  came  a  cool  wave,  and 
the  ntrmcrs  inutead  of  consulting  the  warnings,  l)eeame  alai'med  at  the  prospect 
of  froHt  and  cut  a  large  jxjr  cent  of  the  gi-owing  tobacco  crop,  thereby  very  ma- 
terially injuring  it  by  cutting  gi-een.'*  » 

Mr.  H.  N.  Gamett.  Cynthiana,  Ky.,  s])eak3  favorably,  as  follows :  "  The  frost 
warnings  are  certainly  of  great  value  to  the  tobacco  growers  of  this  section.  Our 
cutting  begins  about  the  last  week  in  August,  and  ends  by  the  middle  of  October, 
the  bulk  of  the  crop  being  cut  usually  from  September  20  to  October  1.  During 
the  late  fall  we  who  could  get  news  from  the  town  depended  on  the  Signal  Serv- 
ice report<^  to  govern  our  cutting  to  a  more  or  less  extent,  and  profited  by  the 
froBt  w.Mi-nings  on  at  least  two  occasions.-' 

Mr.  .1.  .1.  FiTizco,  Mayaville,  Ky.,  writes  :  ''I  know  of  no  instance  during  the 
past  Mea*;on  where  tobacco-growers  were  benefited  by  telegraph  warnings  of  frost, 
for  the  reason  that  the  crop  was  harvested  some  time  before  we  had  any  frost.  I 
can  I'ealize  that  frost  warnings  would  be  of  gi-oat  benefit  to  the  grower  where  his 
crop  is  not  harvested  before  the  frost  comes,  one  day's  warning  given  enabling 
him  to  save  q^uite  an  amount  of  tobacco." 

Mr.  J.  J.  Gish,  Ilittman,  Ohio,  thinks  the  warnings  a  good  thing  for  tobacco- 
gi'owcrs,  and  they  should  not  be  discontinued.  He  writes :  "I  can  not  now  recall 
when  first  frost,  to  do  any  damage  to  anything,  came,  but  think  it  was  about  the 
20th  of  October;  it  was  unusually  late,  we  have,  earlier,  been  badly  caught  by 
froettf,  sometimes  as  early  as  the  *&t\\  of  Septemlx^r .  If  we  then  could  have  had  the 
benefits  of  the  frost  warnings  much  of  the  crops  could  havo  been  saved." 

Mr.  L.  P.  Dohrmann,  Greenville,  Ohio,  writes:  **The  Service  warnings  are  of 
great  value,  and  arc  so  estimated  by  tlu^  tobacco-growers  of  the  district.  The 
alacrity  displayed  by  many  in  housing  their  crops  when  rumors  reach  them 
through  this  medium  of  near  approaching  frost  confirms  me  in  this  belief." 

Mr.  P.  S.  Dudley,  Flemingsburg,  Ky.,  writes:  '*But  few  reports  have  over 
been  sent  hei-e,  and  they  as  a  rule  have  come  too  late  f  3  or  4  p.  m.)  to  bo  of  much 
Bervlce  in  saving  outstanding  crops.  Three  or  four  million  pounds  of  tobacco  are 
crrown  in  this  county.  The  cutting  season  is  from  Septemoer  1  to  October  10. 
It  is  during  this  time  that  warnings  would  be  of  greatest  benefit."    *    *    * 

[Harrisburg.  Pa.  i5.1»0Ob8..  18«)).] 

[Extract  from  letter  written  by  Mr.  F.  R.  Dlffendeifffr.  I^anoaster,  Pa.,  to  the  observer  at  Har- 

rlsbur^,  I*a.] 

^  *  *  "It  is  not  easy  to  say  how  much  benefit  was  derived  by  farmers  from 
these  reports.  Farmei-s  do  notvisit  the  city  i>ost-oftice  in  large  numbers,  nor  the 
telegmph  offices  throughout  the  county.  Linfer  that  as  a  rule  farmers  see  these 
fro8t  warnings  but  seldom  in  time  to  do  them  much  good.  At  the  same  time  I 
have  no  doubt  they  are  seen  by  s()m<'  and  may  ))e  in  time  to  permit  farmers  to 
take  advantage  of  them. 

*' The  crop  most  commonly  caught  by  frosts  is  tobacco.  Luckily  no  damage 
was  sustained  from  this  cause  this  year.  If  the  necessary  warnings  could  be  got 
to  farmers  early  in  the  day  they  might  be  of  eunsidei*able  benefit,  but  I  do  not 
believe  that  this  has  been  accomplished  by  the  present  system."    *    «    * 

tLouLsvlllt*,  Ky.  tISOObs,  IHOl-.] 

*  *  *  •*The  lateness  of  the  fii-st  frust  and  the  ]K7culiar  temix-Tature  condi- 
tions  of  the  fall  of  ISlMl  are  exceptional,  and  ar«'  ))\-  no  means  to  be  accepted  as  a 
basiB  for  the  estimation  of  the  nsiuil  value  of  tlic  f)*(>st  warnings.  The  early  kill- 
ing frost  of  the  preceding  year  and  Wnt  aia])l4.'  notification  of  it.s  approach  demon- 
strated fully  what.vaHt  benefit  may  ivsult  from  a  timely  warning.  As  evidenei^ 
of  this  fact  may  be  cited  the  statement  of  a  ])n)niinent  resident  of  Shelbyvillc, 
Ky.,  who  81^8  that  in  Shelbv  County  alone,  where  the  facilities  for  the  distribu- 
tion of  the  warnings  ai*u  cxoeptionally  good,  the  value  of  tobacco  saved  fi*om 
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Eartial  or  total  injury  by  the  warning  referred  to  was  at  least  $100,000.    There 
J  good  reason  to  believe  that  in  other  counties  similar  if  not  greater  results 
were  accomplished. 

"At  the  commencement  of  the  past  season  the  frost-warning  system  was  much 
more  thoroughly  organized  and  efficient  than  at  any  previous  time.  Many  of  the 
displaymen  devised  ingenious  methods  for  the  distribution  of  the  warnings 
throughout  their  respective  vicinities.  Flags  carried  on  coaches  traversing  the 
country,  the  blowing  of  i)reconcerted  signals  from  steam  whistles,  special  mes- 
sengers, and  the  telephone,  where  the  facilities  for  its  use  existed,  are  aniong  the 
means  employed  to  disseminate  the  information. 

'^The  Louisville  Tobacco  Board  of  Trade  has  contributed  very  largely  to  the 
success  of  the  system  by  the  subscription  of  funds  for  the  purchase  of  flags  and 
the  suggestion  of  names  of  reliable  displaymen.  During  the  coming  year  every 
effort  will  be  made  to  still  further  extend  it.  Its  success  in  the  past  fully  war- 
rants all  endeavors  tending  towards  its  improvement." 

rMemphis.  Tenn.  (WWObs.,  1891).! 

*  *  *  '*  Several  i)0stmast«rs  at  places  where  the  tobacco  crop  is  cultivated 
have  suggested  that  the  warnings  ))e  sent  to  them,  as  they  were  in  a  position  to 
give  the  widest  possible  distribution  to  the  information,  and  if  a  system  of  frost 
warnings  is  contemplated  for  this  section  for  the  coming  season,  I  respectfully 
suggest  that  plan  be  followed,  if  found  practicable;  also  that  the  warnings  b*j 
furnished  only  to  places  where  satisfactoi*y  evidence  of  a  very  general  interest  in 
the  service  can  be  obtained." 

[Nashville.  Teim.  (I4»5  0t>s.,  1891;. 1 

*  *  *  "In  the  tobacco  districts  of  this  State  the  crops  will  aggregate  many 
millions  of  dollars,  and  as  the  warnings  are  sent  so  as  to  reach  nearly  every  sec- 
tion I  am  confident  that  the  money  saved  during  the  past  season  will  count  up 
into  the  hundreds  of  thousands. 

"  During  the  past  season  the  warnings  wore  w*nt  out  in  time  to  be  taken  advan- 
tage of,  arid  I  have  been  told  by  several  parties  who  only  had  small  fields  of  it 
that  they  lost  none  worth  mentioning  :  whereas  if  they  had  received  no  w^arning 
of  an  appi'oaching  frost  their  entire  crop,  amounting,  in  one  instance,  to  $60«). 
would  have  Ixjcn  lost.  1  feel  confident  that  there  are  manv  other  such  cxamplbs 
throughout  the  State  if  their  views  could  be  obtained.  Tlhe  number  of  i)erson8 
to  whom  the  warnings  are  to  be  sent  have  bo^n  so  increased  during  the  latter 
part  of  the  season  that  they  will  be  even  more  beneficial  during  next  season  than 
they  were  this." 

[Nt'w  York,  N.  Y.  i3ri«)  ()b.s.,  1801).  1 

*  ♦  *  J.  xjjKm  i)er&onal  inquiry,  and,  in  so  far  as  theol>server  is  able  to  judge, 
the  warnings  were  found  to  >)e  jmrticularly  useful  to  the  vegetable  growers  in 
the  neighboring  towns  of  New  York  City  on  l^>ng  Island  during  the  past  season. 
Gardeners  spoke  of  them  in  the  highest  terms." 

[New  Haven.  Conn.  «3n-',m)()b.-*..  1891).] 

*  *  *  '*Mr.  E.  P.  Wilcox.  Meriden,  Conn.,  advises  the  continuance  of  the 
warnings,  as  it  would  stimulate  the  grower  to  hire  an  extra  force  of  labor  and 
save  his  crop."    *    *    * 

Mr.  William  N.  Clapp,  East  Hampton.  Mass..  says  that  he  enjoys  the  reports 
from  the  Signal  Office,  and  wishes  to  encourage  them  to  continue  their  labors 
and  investigations,  which  will  be  of  great  hc^iujfii  to  the  farmer  and  the  whole 
community.  He  says  that  his  town  is  troubled  with  early  frosts  only  once  in 
every  six  years.    He  endeavors  to  house  hi.s  crop  before  the  arrival  of  frost. 

'*  The  warnings  in  some  of  the  towns  ari»  sup])osi.»d  to  ))e  for  the  benefit  of  tht» 
cranberry-growers  also,  and  are  used  by  all  ixrowers  of  late  vegetables."    ♦    ♦    * 

Mr.  E.li.  Cloodyear,  postmaster  at  North  llav(;n.  ( -onn.,  writes  to  the  Observer 
at  New  Haven,  Conn.,  as  follows:  *  *  *  "The  gardening  interest  has  in- 
creased and  taken  the  i)lace  of  tobiun^o,  and  I  find  the  reports  from  the  Signal 
Office  are  of  very  great  value  to  them  :  ont^  gardener  lost  $500  by  early  frost  three 
years  ago;  much  may  have  been  saved  by  observing  the  signal  reports;  othtMrs 
lost  still  larger  amounts.  I  find  the  farmers  generally  take  an  interest  in  the 
weather  reports  and  can  hardly  get  along  without  j^hem ;  there  can  be  no  queft- 
ilon  in  regard  to  the  great  bcnelit  conferred  by  this  service.    I  hope  the  time 
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may  oome  when  every  i>ost-office  will  receive  the  report  and  have  it  placed  where 
all  can  have  the  benefat  of  the  service  who  come  to  the  office.  It  is  of  groat 
benefit  to  brick-makers,  as  it  enables  them  to  prepare  for  storms  and  saves  them 
fi-om  great  loss.    Can't  do  without  it."    *    *    * 

rSt.  Louis,  Mo.  caGObs.,  1891 ).] 

♦  *  *  "The  leading  purchas9i*s  of  raw  tobacco,  and  manufacturers,  In  this 
city  have  been  interviewed,  from  whom  it  has  been  ascertained  that  the  produc- 
tion of  tobacco  in  this  State  has  greatly  declined  during  the  last  three  or  four 
years.    *    *    * 

•  *  It  has  Ijeen  suggested  by  some  of  these  gentlemen  that  probably  greater  bene- 
fits would  be  derived  from  warnings  if  they  were  addressed  to  individuals  through- 
out the  State  who  are  personallv  interested  in  the  industrv,  and  who  would  agree 
to  bulletin  and  otherwise  publish  the  warning  as  extensively  and  as  quickly  as 
possible.-'    f    *    ♦ 

The  subject  of  frost  wariiings  and  the  mode  of  their  distribution  have  been 
thoroughly  invostigat'.'d  sincc'  the  closo  of  the  last  tobacco  and  cranberry  season, 
and  it  is  deemed  that  there  is  mucli  in  the  pr<3sent  system  that  is  susceptible  of 
improvement  in  order  that  gniatvn*  bene  tits  may  accrue  from  the  warnings  sent 
outfn)m  this  office,  and  at  a  far  less  expenditure  from  the  t<5legraphic  appropri- 
ation. It  appears  that  the  system  has  not,  in  the  past  few  years,  been  given  the 
time  and  attention  nect»ssary  to  maintain  in  successful  oi)erati()n  so  important  a 
branch  of  the  work  of  the  Signal  Service,  and,  in  many  instiinees.  the  distribu- 
tion of  the  warnings  having  been  in  the  hands  of  persons  in  no  wise  connected 
with  the  Signal  Service  or  i*esix)nsible  for  the  correct  ])erformance  of  their 
labors,  this  office  has  had  no  check  on  their  work,  therefore  no  direct  voucher 
to  indicat-e  whether  or  not  the  t^?legraph  service  has  btvn  rendered.  In  fact,  very 
many  replies  received  to  a  letter  sent  out  on  December  20, 1S9.),  to  stations  author- 
ized to  receive  warnings,  show  that  no  such  telegrams  had  been  received  during 
the  past  season,  and  in  some  instances  had  never  been  received.  In  very  many 
other  cas<js  (over  70  per  cent,  as  indicated  bv  the  answers  to  the  above-mentioned  ^ 
letter)  the  r<jclpients  of  warnings  stated  that  no  interests  were  benefited  and 
the  interest  manifested  in  the  re])orts  was  not  sufficient  to  warrant  their  resump- 
tion next  season.  In  this  connection,  however,  it  should  be  borne  in  mind  that 
the  past  season  was  exceptional  so  far  as  it  related  to  the  early  occurrence  of 
killing  fmsts,  and  the  crops  had  mostly  bet;n  harvested  beforo  the  receipt  of  the 
first  warning.  Still,  with  a  proper  (consideration  of  this  fact,  it  would  appear 
that  the  warnings  were  not  fully  appreciated  by  those  having  interests  affected. 
Ft  is  also  obvious  that  the  plan  of  sending  the  warnings  to  the  railroad  operators 
to  be  bulletined  bv  them  in  their  offices  or  the  depot  waiting  rooms  for  the  ben- 
elit  of  the  public  is  not  a  good  one,  as,  in  a  majority  of  easels,  the  ])oints  to  which 
the  telegram*  have  been  sent  ar..^  isolated  railroad  stations  at  which  very  few 
i)eople  ever  congregate,  and  the  fa^-l  of  a  reeei])t  of  a  frost  warning  is  seldom 
Known  to  the  persons  to  be  most  b  -n  lil  .*d  th<»reby,  as  no  efloi't  is  nuide  towards 
its  dissemination,  the  agent  or  opoiMtor  considering  his  duty  accomplished  v/hen 
the  message  is  received  by  wire  and  i)Osted  on  his  office  door. 

The  I'emedy  for  this  suggests  itself  as  follows:  To  correspond  with  the  ])ost- 
ma.sters  at  such  places  as  liave  tobacco  or  cranberry  interests;  furnish  them  with 
printed  circulars  relative  to  frost  warnings,  ex])laining  the  benefits  tobedei'ived 
therefrom,  and  giving  a  complete  description  of  the  cold-wave  or  frost- warning 
signal,  and  request  them  to  distribute  tlie  circulars  among  tobacco  and  cranlxM-ry 
growei*8,  and  at  the  same  time  authorize  the  statement  that,  if  a  ilag.  which  will 
be  furnished  by  the  weather  bureau,  is  properly  disi)layed  by  any  onr  of  their* 
number  for  the  benefit  of  all,  the  official  frost  warnings"  will  Ix'  tolegraT)h(rd  to 
the  address  of  the  'designat^?d  pei*sfm  at  Governm^'nt.expvnsf.  Tin'  stilt  ions  au- 
thorized should  be  grouix?d  in  sections  and  placed  under  disti'ibutinjr  rrntei's  at, 
which  observers  of  the  weather  bureau  are  on  duty,  as  is  nuvv  dcme  in  the  distribu- 
tion of  forecasts  for  the  display  of  weather  signals,  and  such  observers  l)e  given 
explicit  instructions  relative  to  forwarding  the  warnings  at  the  earliest  moment 
after  their  req^ipt  from  this  ottice :  or,  if  arrangements  are  made  for  the  ])rej)a- 
ration  of  forecasts  of  frost  by  local  observers  at  selected  stations,  U)  ])rov)de  for 
their  distribution  to  designated  points  in  the  sanu*  manner.  Hy  this  plan  the 
whole  system  could  be  perfectly  operated,  a  check  Ix^  ke])t  on  all  exp.*ndituivs, 
the  warnings  be  placed  in  the  hands  of  a  r(>sponsible  pai*tv  having  ])ersonal  in- 
terest in  the  matter,  and  a  warning  signal  displayed  for  the  beuelit  of  ail  cou- 
cerned. 
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RAILWAY  imi.LETiN  SERVICE. 

The  followinfi:-named  railroadw  are  now  coOi>eratlng  with  the  Signal  Service, 
by  distributing  the  weather  forecasts,  or  cold- wave  warnings  (which  are  received 
by  telegraph  either  direct  from  Washington  City,  or  through  the  various  dis- 
tributing centers)  to  designated  stations,  daily,  at  which  they  are  bulletined  for 
the  benefit  of  their  employes  and  the  general  public,  forms  for  the  purpose  hav- 
ing been  supplied  from  this  office : 


Railroads. 


Allegheny  Valley 

Atchison,  Topeka  and  Santa  Fe 

Baltimore  and  Ohio 

Baltimore  and  Ohio  Southwestern 

Baltimore  and  Potomac. 

Central  Railroad  of  New  Jersey 

Chicago  and  Iowa 

Cleveland,  Cincinnati,  Chicago  and  St.  Louis  (Cairo  Division)  . 

Cresson  and  C'leartteld 

Cumberland  Valley 

Detroit,  Grand  Haven  and  Milwaukee 

Detroit,  Lansing  and  Northern 

Grand  Rapids  and  Indiana 

Grand  Trunk __ 

Huntingdon  and  Broad  Top  Mountain 

Lehigh  Valley _ 

Louisville  and  Nashville 

Louisville  and  St.  Louis  Air  Line 

Louisville,  New  Orleans  and  Texas , 

Mobile  and  Ohio 

Now  York,  Philadelphia  and  Norfolk 

Northeastern 

Northern  Central , 

Ohio  and  Mississippi 

Ohio  River 

Old  Colony _ 

Pennsylvania  ( Pennsylvania  R.  R.  Division) 

Pennsylvania  (Philadelphia  and  Krlc  R.  R.  Division) 

Pennsylvania  (United  Railroads  of  New  .Jersey  Division) 

Peoria,  Decatur  and  Kvansville ' 

Philadelphia  and  Reading _ 

Philadelphia,  Wilmington  and  Baltimore  (Maryland  Division). 

Rock  Island  and  Peoi'ia _. \ , 

St.  Louis,  Alton  and  Springiield 

St.  Louis,  Arkansas  and  Texas __ 

South  Carolina _ 

Torre  Haute  and  Peoria _ 

Toledo.  Peoria  and  Western 

Washingt<m.  Ohio  and  Western _ ^ 

WcsternMaryland 

Wt?st  Jei'sev  1 


Stations. 


38 
91 
67 
31 

3 
39 
23 

2 

4 
10 

6 
25 
62 
14 

8 
32 
21 
28 
43 

4 
19 

8 

30 
28 
25 
144 
76 
35 
36 
33 

lis 

21 
22 
13 

5 
19 
27 
41 

7 

28 
67 


WKATIIEU  SKiXALS. 


The  distribution  of  forerasts  for  the  <nH]>luy  of  weather  signals  instill  continued. 
and  the  g^reat  intei'est  in  thiH  mode  of  disscMuinatinjr  weather  informatHm  reniaiaB 
unchan<red.  a  very  jj:i"eat  nvuul)er  of  the  older  display  stations  beinj^  still  in  oper- 
ation, while  a  largv  n\nnlH?r  of  new  stations  have  been  established,  demonstimt- 
ing"  fully  that  the  sijjrnals  niet-t  with  p(»pular  favor  and  moi*e  than  fulfill  the  flerv- 
iee  for  which  the  displays  were  inaujfurat4.Hl.  Tlic  total  number  of  stttUons 
now  receiving  forecasts  or  cold- wave  or  frost  warnings  at  Government 
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is  878;  321  havingf  been  established  during  the  fiscal  year  and  249  discontinued. 
The  geographic  distribution  of  such  stations  according  to  States  and  Territories  is 
shown  in  the  following  table: 


States  and  Territories. 


Alabama 

Arkansas *... 

California 

Colorado 

Connecticut 

Delaware 

Florida 

Georgia 

Illinois 

Indiana 

Indian  Territory 

Iowa 

Kansas 

Kentucky 

Louisiana 

Maine 

Maryland  .  -♦. 

Massachusetts 1 

Michigan 

Minncs43ta 

Mississippi 

Missouri 

Montana 

Nebraska 

Nevada  

New  Hampshire , 

New  Jersey 

New  Mexico 

New  York 

North  Carolina 

North  Dakota 

Ohio 

Oklalioma 

Oregon 

Pennsylvania 

South  Carolina 

South  Dakota 

Tennessee 

Texas 

Vermont 

Virginia 

Washin|^ton 

West  Virginia 

Wisconsin 

Wyoming-.' , 


Estab- 

Discon- 

lished. 

tinued. 

1 

2 

1 

2 

36 

14 

1 

1 

0 

1 

.       0 

7 

3 

3 

3 

8 

5 

10 

15 

0 

0 

16 

16 

8 

15 

0 

3 

0 

2 

8 

2 

0 

0 

a 

3 

49 

33 

1 

1 

G 

4 

10 

15 

0 

0 

10 

16 

4 

4 

0 

7 

3 

0 

0 

13 

15 

4 

5 

0 

5 

12 

10 

3 

0 

9 

0 

11 

12 

4 

7 

6 

7 

1 

4 

10 

6 

2 

0 

3 

4 

1 

2 

1 

46 

6 

0 

0 

Now  in  op- 
eration. 


6 
12 
20 

3 

3 

3 
19 

9 
44 
49 

1 

60 
35 
15 
34 
10 

2 
11 
76 
20 
24 
44 

1 
27 

0 

3 
16 

1 
48 
26 

4 
42 

3 

10 
41 
23 
11 
11 
25 

5 
19 

4 

5 

52 
o 


The  use  of  steam-whistlo  signals  for  the  dlsti'ibution  of  fon'ca:^ts  of  weather 
and  temiHjrature  appears  to  be  ^ainin^  favor  in  many  S'.'ctions.  owinjj  in  a  meas- 
ure, it  is  believed,  to  the  fai»t  that  jfood  servici?  can  bj  ivndorod  with  a  minimum 
amount  of  expense,  the  necesHary  outlay  for  sijjnal  flaj^n  bolni,^  avoided.  This 
latter  item  alone  is  not  inconsidttrable,  and  in  a  j^reat  iiiimbLM'  of  cases  the  fore* 
oasts  have  been  diw'on tinned  bHcauso  the  roelplentrf  of  tele^^ramn  could  not  afford 
to  procure  an  additional  sei  of  llaj^s  and  oomply  with  the  eonditions  under  which 
the  predictions  were  furnished  at  (Jovernmont  oxi>onHe.  A  modified  code  of 
whistle  signals  is  submitted,  which  it  is  thought  will  answer  all  purposes  in  this 
(llreotlon. 
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WHISTLE  SIGNALS. 


(Note. — The  warning  signal,  to  attract  attention,  will  be  a  long  blast  of  from 
fifteen  to  twenty  seconds  duration.  After  this  warning  signal  has  been  sounded, 
long  blasts  (of  from  four  to  six  seconds  duration)  refer  U)  weather,  and  short 
blasts  (of  from  one  to  three  seconds  duration)  refer  to  temperature;  those  for 
weather  to  be  sounded  first.) 


Blasts. 

Indicate. 

1 

Blaste. 

Indicate. 

One  long 

Two  long 

Three  long... 

1 

Fair  weather. 
RKin  or  snow. 
Severe  local  storm  or 
tornado. 

1 

One  short-.- 
Two  short... 
Three  short. 

Lower  temperature. 
Higher  temperature. 
Cold  wave. 

The  foregoing  code  will  admit  of  combinations  covering  nearly  every  predic- 
tion relating  to  weather  and  temperature  sent  out  from  this  office,  and  by 
repeating  each  combination  a  few  times,  with  an  interval  of  ten  seconds  between, 
possibilities  of  error  in  reading  the  forecasts  will  be  avoided,  such  as  may  arise 
from  variable  winds  or  failure  to  hear  the  warning  signal. 

These  whistle  signals  may  be  utilized  to  better  advantage  in  many  places 
where  flags  could  not  be  seen  at  long  distances,  due  notification  being  given  to 
the  surrounding  comihunity  that  at  a  designated  hour  the  steam  whistle  at  a 
certain  place  will  sound  the  signal  to  indicate  the  probable  weather  and  tem- 
perature for  the  ensuing  twenty-four  hours. 

On  November  1,  1890,  the  distribution  of  forecasts  and  warnings  to  display 
stations  in  southern  Mississippi  was  placed  under  the  supervision  of  the  observer 
at  New  Orleans,  La.,  as  better  telegraphic  communication  from  that  point  was 
assured  for  that  section  than  furnished  from  Memphis,  Tenn. 

In  accordance  with  recommendations  of  the  State  weather  service  observer  at 
Raleigh.  N.  C,  the  distribution  of  forecasts  and  warnings  for  North  Carolina 
and  sout'hern  Virginia  was  on  December  1,  1890,  placed  under  the  supervision  of 
the  observer  at  that  station,  instead  of  the  observer  at  Charlotte,  N.  C. 

On  December  1, 1890,  by  the  orders  of  the  Chief  Signal  Officer,  the  special 
rate  on  weather-signal  messages  was  abolished,  since  which  date  such  messages 
have  been  transmitted  from  distributing  centers  under  the  regular  Government 
rate  established  by  the  Postmaster-General.  The  change  has  been  attended 
with  good  results,  as  under  the  Government  rate  the  messages  are  delivered, 
and  much  annoyance  and  serious  delay  in  the  receipt  of  telegrams  is  avoided. 

WEATHER  MAPS. 

The  issue  of  weather  maps  has  steadily  increased  at  all  of  the  map-publishing 
stations,  except  at  St.  Louis  and  Kansas  City.  By  reason  of  unfavorable  changes 
in  the  mail  schedules,  which  prevented  the  maps  from  reaching  their  destina- 
tions until  twenty-four  or  more  hours  after  their  issue,  87  maps  were  discon- 
tinued at  St.  Louis  and  142  at  Kansas  City.  The  publication  of  maps  has  been 
commenced  during  the  year  at  eleven  stations,  viz :  Cairo,  Davenport,  Duluth 
(during  navigation  only),  Huron,  Little  Rock,  Meridian,  Miss,  (fro^n  March  1  to 
November  30  only),  Minneapolis,  New  Haven,  San  Francisco,  Shroveport  (from 
April  1  to  October  31),  and  Tampa  (from  Novomborlto  March  31),  at  all  of  which 
morning  maps  are  issued.  The  total  number  of  stations  now  publishing  maps  is 
51,  of  which  42  issue  a.  m.  maps,  3  issue  p.  m.  maps,  and  G  issue  both  a.  m.  and 
p.m.  maps. 

At  Boston,  Kansas  City,  New  York  City,  and  St.  Louis  the  printing  presses 
have  been  discontinued,  and  the  maps  are  now  prepared  entirely. by  the  millio- 
graph  process.  The  "rule. and  figure"  data,  formerly  printed,  is  now  placed  on 
the  maps  by  means  of  type-written  stoncils.  The  change  has  boen  attended  with 
a  marked  degree  of  success  both  in  time  and  labor,  the  general  appearance  of 
the  maps  being  very  good.  It  is  tliought  that  the  same  coui'se  might  be  pursued 
with  advantage  at  the  other  printing  station  (Cincinnati). 

The  Chief  Signal  Officer  ordered  that  certain  stations  show  graphically  on 
their  maps,  by  means  of  dotted  and  broken  lines,  changes  in  temperature  and 
excessive  raintaMs,    After  this  system  had  been  inaugurated,  Sergt.  L.  M.  Dej, 


.EPORT  OF   THE   CHIEF   SIGNAL   OFFICER. 


313 


In  charge  of  the  Philadelphia  station,  devised  a  shading  apparatus  for  display- 
ing these  conditions  by  using  colored  inks  in  connection  with  a  set  of  corrugated 
rollers.    Fifteen  of  these  machines  have  been  put  in  use  at  the  larger  stations. 

The  stations  issuing  maps  were  directed,  on  May  28, 1891,  to  carefully  consider 
and  consult  local  interests  as  to  what  information  would  be  most  acceptable  and 
of  the  greatest  benefit  to  their  respective  localities,  and  to  submit  a  map  contain- 
ing the  data  best  adapted,  in  the  opinions  of  all  interested,  to  the  local  necessi- 
tieS|  themaps  to  be  prepared  in  duplicate  and  forwarded  as  soon  as  possible. 
When  the  maps  were  received  they  were  carefully  examined,  and  one  of  them, 
as  approved  by  the  Chief  Signal  Officer,  was  returned  to  the  station  to  be  filed 
as  a  sample  for  use  in  issuing  future  maps.  A  copy  fi'om  each  station  was  also 
filed  at  tnis  office  for  reference. 

Since  the  inauguration  of  the  milliograph  duplicating  process  the  observers  on 
duty  at  the  stations  publishing  weather  maps  have  improved  in  their  work  to  a 
commendable  degree,  quite  a  number  becoming  expert  mai)-makers.  The  policy 
has  recently  been  adopted  of  specially  commending  by  letter  each  month  the  five 
observers  who  have  excelled  in  the  character  of  their  map  work  during  the  pre- 
ceding month. 

The  policy  of  the  Chief  Signal  Officer,  inaugurated  last  fiscal  year,  of  replacing 
the  *'  cyclontyles  "  by  "  milliographs  "  has  been  carried  out  this  year  until  all  map 
stations  are  using  that  most  useful  apparatus,  and  the  saving  to  the  service,  both 
in  price  of  paper  and  machines,  has  been  great,  while  the  general  appearance  of 
the  maps  issued  at  the  stations,  taken  as  a  whole,  is  so  far  superior  as  to  exceed 
the  most  sanguine  expectations :  in  addition  much  valuable  time  is  saved  in  run- 
ninfir  off  the  maps. 

l%e  following  stations  are  now  issuing  maps : 


Atlanta. 

Augusta. 

Boston. 

Buffalo. 

Cairo. 

Chattanooga. 

Chicago. 

Cincinnati. 

Columbus. 

Cleveland. 

Davenport. 

Denver. 

Detroit. 

Des  Moines. 

Duluth. 

Erie. 

Galveston. 


Harrisburg. 

Huron. 

Indianapolis. 

Jacksonville. 

Kansas  City. 

Knox  vi  lie. 

Little  Rock, 

LfOuisville. 

Manistee. 

Memphis. 

Meridian. 

Milwaukee. 

Minneapolis. 

Nashville. 

New  Haven. 

New  Orleans. 

New  York  City. 


Norfolk. 

Pittsburg. 

Pensacola. 

Portland,  Me. 

Philadelphia. 

St.  Louis. 

St.  Paul. 

Sandusky. 

San  Francisco. 

Savannah. 

Shreveport. 

Sioux  City. 

Springfield,  111. 

Tampa. 

Toledo. 

Vicksburg. 

Wilmington. 


The  following  condensed  rules  governing  the  distribution  of  weather  maps, 
and  action  to  be  taken  upon  applications  for  the  same,  have  been  issued  to  all 
map-printing  stations,  being  the  result  of  a  careful  consideration  of  the  subject : 

*'  Observers  in  charge  of  map  stations  are  vested  with  authority  to  issue  weather 
maps  to — 

*' Business  men  or  firms,  who  agreeto  promin  ently  display  the  maps  in  front 
of  their  places  of  business,  or  in  some  place  easily  accessible  to  the  general  public, 
the  desirability  of  the  location  being  left  to  the  discretion  of  the  observer. 

"Commercial  bodies,  boards  of  trade,  educational  institutions  (always  ascer- 
taining and  reporting  the  dates  of  boginnintr  and  ending  of  the  school  year), 
railroad  depots,  wharves,  ferries,  etc.,  in  the  city  where  the  maps  are  published. 

*^  Postmasters  at  outlying  to\vns  and  villages,  desiring  to  post  the  maps  for  the 
benefit  of  their  patrons,  whose  offices  can  be  reached  with  the  a.  m.  edition  not 
.latter  than  2  p.  m.  of  the  day  of  issue,  or  with  the  i>.  ni.  edition  by  9  a.  m.  of  the 
day  following. 

'*In  all  of  the  above  cases,  when  maps  are  furnished,  observers  will  immedi- 
ately report  their  action  to  this  office  for  approval,  and  when  frames  are  re- 
quired for  the  proper  display  of  the  maps,  the  fact  should  be  stated. 

"In  all  other  cases  observers  will  refer  applications  to  this  office,  for  consider- 
ation and  authorization. 

"In  forwarding  requests  from  applicants  at  a  distance  observers  will  invariably 
report  in  their  indorsements  the  tmie  at  which  maps  will  reach  their  proposed 
defUnatUms." 
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On  December  13,  1890,  observers  at  map  stations  were  called  upon  for  report 
to  mail  schedules  at  their  respective  stations.  Upon  the  receipt  of  these  reports 
the  lists  wei*e  careftilly  revised  in  accordance  with  the  foregoing  rules,  as  to  tJie 
time  of  receipt,  all  places  that  could  not  be  reached  within  the  prescribed  time 
being  dropped  from  the  observers'  lists,  except  in  special  cases. 

The  following  table  shows  a  number  of  the  stations  now  issuing  a.  m.  maps, 
the  approximate  number  of  mall  routes  at  same  during  the  diiytime,  wad  tne 
number  that  can  be  utilized  for  sending  the  maps : 


Stations. 

Routes. 

Available 
forcarr>ing 
a.  m.  maps. 

Cleveland .. 

8 

8 

2 

9 

8» 
10 

8 
12 

3 

1 

Des  Moines 

2 

Galveston 

0 

Indianapolis 

1 

Louisville 

1 

Memphis , 

0 

New  Orleans 

0 

San  Francisco 

0 

Meridian -_        _  _         _  __. 

0 

Total 

08 

• 

5 

• 

\ 

Night  maps  could  be  issued  at  these  places  to  advantage  if  the  appropriation 
for  telegraphic  service  would  admit  of  sending  them  the  necessary  i*eport8. 

Special  requests  have  been  received  from  the  observers  at  Meridian,  Miss., 
and  Galveston,  Tex.,  for  authority  to  issue  p.  m.  maps  on  account  of  the  urgent 
requests  from  places  within  100  miles,  but  owing  to  the  lack  of  funds  for  tele- 
graphing the  reports  favorable  action  could  not  be  taken.  Night  maps,  leaving' 
in  mails  at  2  or  j  a.  m.,  could  be  supplied  before  9  a.  m.  to  places  150  miles  dl^ 
tant  from  the  station. 

The  total  present  issue  of  maps  at  all  of  the  stations  amounts  to  a  daily  average 
of  about  3,100  copies.  The  yearly  issues  since  the  commencement  of  their  publi- 
cation are  as  follows : 

Fiscal  year — 

1886-'87 178,248 

1887-88 392,101 

1888-'89 859,000 

1889-'90 1,069,534 

1890-'91 1,199,002 

Of  which  last  number  191,846  were  issued  from  this  office. 

Evidence  that  this  form  of  signal  service  ])ublication  is  eagerly  sought  and 
carefully  studied  for  the  benefits  to  be  obtained  by  business  mterests  and  the 
general  public  comes  from  many  quarters,  and  in  consequence  the  maps  have  be- 
come popular  in  the  communities  in  which  issued  to  an  unprecedented  degree. 
In  a  number  of  instances  business  firms  have  used  the  data  lurnlshcd  thereon  as 
a  check  on  reports  of  nonperformance  of  work  by  traveling  salesmen  and  others 
on  account  of  rain  on  specified  dates.  It  is  thought  that  this  interest  would  be 
greatly  increased  by  permanently  posting  with  each  map  fi*amo  a  printed  card 
giving  a  full  explanation  of  the  maps  and  tlie  information  contained  thereon.  A 
board  about  G  by  10  inches  in  size  could  be  fastened  immediately  above  the  frame 
and  the  card  attached. 

WEATHKR  REPORTS  FROM  THE  WEST  INDIES. 

The  new  project  of  obtaining  reports  from  stations  in  the  West  Indies  by  the 
cooperation  of  the  United  States  consuls,  whi(*h  was  under  consideration  last  fiscal 
year,  was  successfully  put  in  force  early  in  the  ])ivsent  year.  Through  the  courtesy 
of  the  Department  of  State  the  Chief  Signal  Oflk'or  perfected  arrangements  for 
the  establishment  of  auxiliary  stations  at  St.  Thomas,  San  Domingo,  KingBtGll> 
and  Santiago  de  Cuh&» 
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The  observera  were  appointed  in  each  case  ujwn  the  i*ecommondation  of  the 
United  States  consuls. 

Two  observations  are  taken  daily  at  spoeificd  times,  and  in  case  of  marked 
atmospheric  changes  a  special  observation  is  at  dnoo  taken  and  telegraphed. 
For  economic  reasons  but  one  such  special  report  will  be  paid  for  daily.  The 
period  of  observations  is  from  Julv  15  to  October  lo,  or  during  the  hurricane 
season.  The  messages  are  sent  to  the  observ-er,  Key  West,  Fla.,  by  a  code  simi- 
lar to  the  following: 

(1)  Address:  ** Observer,  Key  West." 

(2)  Time  of  report :  "  Morning,"  **  night,"  or  "  special.'' 

(3)  Beading  of  barometer  (to  inches  and  hundredths) :  A  barometer  reading  of 
30.25,  29.25,  or  28.25  would  bo  entered  in  the  telegram  as  *'  thirty  twenty-five," 
'*  nine  twenty-five,"  or  **  eight  twenty-ftve." 

(4)  The  dii'ection  of  wind :  The  direction  from  which  the  wind  is  blowing  to 
be  taken  from  the  eight  points  of  the  compass,  as  indicated  in  the  following  s(iile : 

N.  NE.  E.  SE.  S.  SW.  W. 

NNE.  N.      ENE.  NE.    ESE.  E.  SSE.  SE.    SSW.  S.     WSW.  SW.    WNW.  W. 
NW.  CALM. 

NNW.  NW. 

(5)  Force  of  wind  and  velocity :  Wind  velocitv  to  be  taken  from  the  following 
scale:  Calm,  light,  moderate,  brisk,  high,  gale,  or  hurricane.  (See  Iiazen*s 
tables,  page  81.) 

(6)  State  of  weather :  The  state  of  \v^eather  to  be  taken  from  the  following  scale : 
(1)  Clear;  (2)  partly  cloudy ;  (3)  cloudy:  (4)  thiHMitening;  (5)  sultry;  (6)showeiy; 
(7)  light  rain ;  (8)  heavy  rain. 

From  the  above  code  the  following  dispatch  is  made  up  as  an  example : 

"  St.  Thomas,  At((;ust  Si,  1890,  p,  m. 
"Observer,  Key  We.^t, 

"Night;  nine  sixty-tive;  northeast;  high;  thi'eat<.»ning. 

Smith. '^ 

The  observers  are  paid  75  cents  for  each  wgular  oliservation,  provided  the 
telegrams  are  filed  at  the  times  designated,  and  50  cents  for  each  special  obeer- 
tatloY). 

All  the  stations,  except  San  Domingo,  began  reporting  during  the  month  of 
August,  but  reports  from  that  point  weix)  not  received  until  the  latter  part  of 
September,  owmg  to  the  delay  in  the  receipt  of  instruments,  also  in  making  ar- 
rangements with  the  French  Cable  (Company  for  the  transmission  of  messages  at 
hijr  rates. 

These  reports  from  the  West  Indies  are  telegraphed  by  special  message  to  the 
observer  at  Key  West,  Fla.,  who  enciphers  thorn  in  the  code  used  by  this  service, 
combines  them  in  one  special  message  and  telegraphs  them  to  the  observer  at 
Jacksonville,  Fla.,  at  which  i>oint  they  are  placed  on  the  Washington  and  Jack- 
sonville circuit  and  come  into  the  central  office.  The  sptrcial  olServations  are 
telegraphed  to  the  observer  at  Key  West,  Fla.,  and  at  once  ti-ansmitted  by  him 
to  the  Washington  oflflc**. 

By  special  arrangement  with  the  obstirvors  at  the  West  Indies  stations,  cable- 
grams, at  the  expense  of  this  servico.  arti  also  sent  at  the  ap])roach  of  hurricanes 
from  October  15  to  July  15,  for  which  service  the  ol)sorvers  are  ]iaid  ¥1  for  each 
cablogram. 

feKPORTS  FROM  UEliMUDA  ISLAND. 

Correspondence  was  had  with  Prof.  Carpnuu^l,  of  the  Canadian  mctooi'ologieal 
Service,  with  a  view  to  rec^'iving  reports  from  Bi'rmuda  Island,  through  the 
Toronto  office,  but  owing  to  a  contest  Ik*  twoen  that  scmice  and  iho  Halifax  Qiblo 
Company,  as  to  the  rates  to  bo  paid,  no  arrangements  have  Ix-rii  ]Mirf(*cted.  This 
service,  however,  receives,  ac  such  timt^s  as  iinuMial  niet^'oroloiritral  conditions 
obtain,  the  Bermuda  reports  direct  from  tho  island  at  the  ex^x'nso  of  the  United 
States,  through  the  (jourtc'ous  attention  of  Con.  Russoll  f Tastings,  who  volunta* 
rily  performs  this  scientific  work  for  the  Siirnal  Otllcc?. 

KKPORTS  FROM  HAVANA. 

Through  the  courtesy  of  Prof.  CarhouoUy,  director  maritime  meteorological 
oflioet  Havana,  Cuba,  daily  rciKjrts  have  been  received  regularly  throughout  the 
year  from  Havana. 
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Mail  reports  from  Grindstone  Island,  Canada,  have  been  received  quite  regfu- 
larl^  since  its  establishment  in  October,  1890,  throuofh  the  Canadian  meteoro- 
logical service,  Toronto,  Canada. 

The  stations  at  Mount  Killington,  Vt.,  and  Mount  Washington,  N.  H.,  were 
reopened  for  the  season  June  15, 1891,  and  orders  issued  reopening  that  at  Green 
Mountain,  Mount  Desert,  Me.,  on  July  1,  1891. 

These  stations  are  maintained  during  the  summer  months,  principally  to  fur- 
nish meteorological  information  to  the  traveling  public  and  in  the  interests  of 
the  large  num^r  of  people  who  visit  these  places  during  the  summer  season. 

The  observations  taken  are  compiled  and  the  data  used  in  determining  the  cli- 
matological  conditions  of  that  section. 

,  OFFICES. 

The  offices  of  the  service  throughout  the  country  have  been  generally  placed 
in  a  very  creditable  condition,  old  furniture  having  been  repaired  or,  when  nec- 
essary, condenmed  and  new  articles  supplied,  until  at  present  those  offices  lo- 
cated in  towns  and  cities  are  quite  neatly  and  comfortably  furnished. 

COOPERATION  WITH  THE  HYDROGRAPHIC  OFFICE. 

During  the  past  year  the  observere  in  charge  of  the  stations  at  Brownsville, 
Charleston,  Ec^tport,  Galveston,  Key  West,  Mobile,  New  London,  Pensacola,  San 
Diego,  Southport,  and  Wilmington  have  continued  to  perform  such  work  for  the 
Hydrographic  Office  as  could  be  done  without  interfering  with  their  regular  sta- 
tion duties.  The  average  time  during  the  month  devoted  to  the  work  of  exam- 
ining logs  of  vessels,  making  extracts  therefrom,  comparing  barometers,  etc., 
has  been  about  nine  hours  for  each  station. 

TYPEWRITING  MACHINES. 

During  the  year  twenty  additional  stations  have  been  supplied  with  typewrit^ 
ers,  which  have  proved  of  great  value  in  carrying  on  the  correspondence  as  well 
as  in  writing  stencils  for  cii-cular  letters,  and  entering  the  rainfall  and  river  data, 
also  the  synopsis  and  forecasts  on  the  maps.  This  latter  work  has,  in  many  In- 
stances, been  nearly  equal  to  print,  and  in  all  cases  much  more  legible  than  that 
produced  from  autograph  written  stencils. 

THE  WASHINGTON  STATION. 

The  Washington  station  of  observation  is  still  in  the  cuiK)la  originally  occupied, 
and  the  location  is  satisfactory.  The  self-recording  instruments  belonging  to 
the  instrument  division  and  the  obcierver's  room  is  now  in  a  presentable  shape. 

Observations  with  the  sunshine  rocorder  have  been  continued  throughout  the 
year,  but  do  not  give  a  satisfactory  record,  owing  to  the  quality  of  the  prepared 
paper  used  in  the  instrument.  Further  experiments  will  b^  necessary  to  acter- 
mine  the  kind  of  paper  best  adapted  for  the  ])urpose.  The  sunshine  recorder  in 
use  up  to  February  G  was  turned  in  on  that  date  and  rej)laced  by  a  new  pattern 
recordoi'. 

No  other  changes  have  bacn  made  in  tlie  regular  instruments  of  the  station. 

The  monthly  record  sheets  made  by  the  thermograph  in  the  station  instru- 
ment shelter  are  kept  and  filed  by  the  observer,  and  also  those  from  the  baro- 
graph now  in  the  instrument  room.  » 

The  battery  case  wiw  received  several  months  ago,  and  a  triple  self-register  is 
expected  in  a  short  time,  when  the  station  will  be  completely  equipped  with  self- 
recording  instruments. 

The  office  room  needs  painting  and  the  woodwork  varnishing :  the  floor  should 
be  covered  with  either  eaii)et  or  uiatting.  The  room  is  poorly  heated,  and  a 
steam  heater  should  be  i>ut  in  before  the  winter  season. 

On  June  13  the  Washington  station,  with  the  three  meteorological  observers 
on  duty  in  connection  therewith,  were  ti-ansforred  to  the  forecasts  division. 

Respectfully  submitted. 

J  AS.  Mitchell, 
Second  Lieuknant^  Fiftanlh  Infant nj,  Executive  Officer. 

The  Chief  Signal  Officer,  U.  S.  ^Vismy. 
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ANNUAL  BEPOBT  OF  DATA  DIVISION. 

'  Signal  Office,  War  Departent, 

Wdskington  City,  June  SO,  1801. 

Sut :  I  have  the  honor  to  submit  herewith,  in  duplicate,  the  annual  report  of 
the  data  divlBlon  for  the  fisc^al  year  ending  June  30,  1891. 


RECORDS  RECEIVED. 

There  have  been  received  during  the  year  from  all  sources  meteorological 
forms  and  reports  of  a  statistical  nature,  as  shown  in  the  following  table : 

Number  of  Forms  and  Reports  Received  from  Signal  Service,  Volun- 
tary, AND  Post  Hospital  Stations  During  the  Fiscal  Year  Ending 
June  30, 1891. 


No.  of 
form. 


1001 
1002 
1003 
1001 

1005 

1006 

1008} 

1009  f 

1014 

1015 

1015 

1016 

1017 

1022 

1026 

1026 

1026 

1029 

1031 

1032 

1033 

1061 

1064 

1065 

1066 


Designation. 


Original  record  of  observations 

Annual  meteorological  summary 

Annual  meteorological  summary  (abridged) 

Monthly  meteorological  record  of  third  order  and  rainfall  sta- 
tions  

Monthly  meteorological  record  of  cotton-regfion  stations 

Monthly  meteorological  record  of  river  stations 

Voluntary  observers'  and  army  surgeons'  reports 

Abstract  of  daily  journal 

Record  of  self-registering  rain  gauge 

Anemometer  record  sheet 

Anemometer  and  anemoscope  record  sheet 

Anemometer,  anemoscope,  and  rainfall  record  sheet 

Hourly  wind  movement 

Hygrometer  readings 

Hourly  barograph  readings 

Hourly  thermograph  readings 

Annual  i-cport  of  stations 

Monthly  record  of  wind  signals 

Monthly  record  of  cold-wave  signals _ 

Monthly  record  of  wind  signals  at  spetdal  display  stations 

Telegraphic  cipher  report  of  observations \ 

Record  of  radiation _ 

Sunshine  record 

Report  of  verification  of  weather  and  tomi>erature  forecasts  . . 

Baragraph  trace 

Thermogi*aph  trace 

Total 


Reports 

received. 

1,736 

145 

290 

1.060 

1,153 

1,332 

y,  384 

2,072 

1,440 

41,520 

1,320 

0,360 

1, 736 

60 

540 

716 

446 

1,200 

1, 524 

672 

104, 160 

08 

240 

1,032 

2,160 

2,864 

188,260 


817 


318 
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Careful  record  has  been  made  of  the  receipt  of  the  more  important  forms,  esp^ 
daily  those  from  which  the  data  for  the  Monthly  Weather  Review  arc  drawn, 
and  those  of  special  rainfall,  river,  and  cotton-region  observers.  Although  an 
average  of  over  lif  toon  thousand  reix)rtsare  received  and  distributed  each  month, 
but  little  labor  is  devoted  to  making  a  record  of  their  receipt.  During  the  tiret 
half  of  the  month,  when  the  receij>t8  are  quite  heavy,  all  matter  is  checked  and 
distributAid  by  noon  of  ejich  day.  Little  importance  is  generally  attached  to  the 
mei'c  routine  of  checking  the  receipt  of  monthly  returns  from  a  great  body  of 
otwervei'tf ,  yet  ati  indicating  the  industry  and  zeal  of  individual  observers,  espe- 
cially those  who  do  not  communicate  daily  with  the  office  by  telegraph,  it  is  a 
matter  of  considerable  moment,  and  <me  which  warrants  close  attention.  The 
first  evidence  of  growing  carelessness  In  an  observer  manifests  itself  in  his  re- 
turns and  in  the  time  of  mailing  them.  Experience  has  abundantly  shown  the 
neccssiiy  of  naming  a  definite  time  for  mailing  the  more  important  reports  and 
of  kee])i"ng  an  accurate  record  of  their  receipt  at  the  central  office. 

Perhai)s  nothing  will  better  illustrate  the  promptness  and  energy  of  the  pres- 
ent corps  of  observers  than  the  mere  statement  that  but  twenty-four  cases  of 
tardiness  in  forwarding  monthly  reports  have  occurred  during  the  past  year. 
That  such  a  record  should  bo  made,  in  view  of  the  limited  time  available  for  the 
preparation  of  these  re]X)rt8,  and  notwithstanding  the  fact  than  an  unusual 
amount  of  sickness  prevailed,  attaining  in  some  l6<?alities  the  character  of  an 
epidemic,  is  esjiocially  commendable,  and  speaks  highly  of  the  efficiency  and 
zeal  of  the  subordinate  forces  of  the  Bureau. 

In  the  class  of  special  observers— those  making  daily  obsei'vations  of  I'ainfall, 
or  rainfall  and  temperature  combined,  or  stage  of  water  in  the  river,  the  record 
for  promptness  is  also  high.  This  class  of  observers,  without  exception,  it  Is  be- 
lieved, are  engaged  in  other  occupations,  and  can  not  be  held  to  tnat  degree  of 
responsibility  which  attaches  to  a  i>osition  solely  given  to  conduotin|r  a  regular 
station  of  the  Signal  Service.  Out  of  a  possible  2,650  reports,  but  5tt,  or  2  per 
cent,  were  tardy,  and  33,  or  about  1  per  cent,  failed  entirely  of  being  received. 

EXAMINATION  OF  METEOROLOGICAL  REPORTS. 

The  examination  of  meteorological  forms  and  reports  made  by  Signal  Service 
observers  has  continued  with  gratifying  results.  With  but  few  exceptions  the 
work  of  the  observers  has  been  most  excellent;  the  high  standing  noted  In  last 
annual  report  has  not  only  lx3en  maintained,  but  an  improvement  has  been  ob- 
served, wnich,  in  view  of  the  additional  labor  imposed  by  the  care  and  reduc- 
tion of  records  i^ertaining  to  a  first-class  station,  is  especially  commendable.  The 
following  table  shows  the  number  of  entries  and  computations  involved  in  the 
preparation  of  a  year's  reports  at  a  station  of  the  first  class : 


Reports. 


Original  record  of  observations — 
Annual  summary  of  observations  . . 

Wind  and  rainfall  records 

Hourly  barograph  readings 

Hourly  thermograph  readings 

Hourly  wind  velocity 

Cipher  weather  dispatches  (words). 


Entries. 


126,655 
10,200 
15,480 
29,016 
25, 824 
11,484 
3,650 


Total I    222,309 

Average  for  month '      18,527 


Computa- 
tions. 


8,628 
291 

•>  ±X'> 

10,300 

10,200 

1,320 


83,081 
2,757 


(Stations  of  the  second  order  differ  from  the  above  in  not  having  barographs, 
thermographs,  and  self-registering  wind  and  rainfall  attachments.) 

Thus  it  will  be  seen  that  at  stations  of  the  fi  rst  and  second  clastses  the  pi'eparation 
of  the  monthly  and  annual  reports  involve  the  entry  and  verification  of  over 
eighteen  thousand  figures,  and  the  calcrnlation  of  nearly  three  thousand  averages, 
departures,  percentages,  etc.  Tht.'  obsnrver  has,  moiVjover,  but  a  small  amount 
of  time  at  his  disposal  for  the  compilt^tion  of  these  reports.  The  original  i-ecord 
of  observations,  in  which  the  jiossibility  of  error  is  ])robably  the  greatest,  must  be 
dispatched  on  the  second  day  of  the  'month  succeeding  "that  for  which  it  is  & 
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record;  meanwhile  the  regular  olisorvations  must  bo  made,  and  the  routine  work 
of  the  Htation  attended  to.  The  observer  is,  of  necessity,  comiielled  to  work  extra 
houi*H  dunng:  the  fii*st  part  of  each  month  in  order  to  jret  hia  rej)ortd  In  the 
mail  at  the  required  time.  Notwithstandinof  th«3So  hindrances  to  accurate  work, 
no  less  than  thirty  observers  made  under  ton  errors  each  durinpf  the  six  months 
ending  December  31,  ISWO,  the  average  jxjr  obst^'ver  Ixiiiifr  ^^-^  errors  for  the  six 
months,  lens  than  an  error  per  mouth.  The  averufifo  of  the  most  prollcient  ob- 
servers for  the  six  months  ending  June  30,  1891,  can  not  Ix)  determined  at  this 
writing',  but  it  will  ha  hiffher  than  the  foretJ^oinff .  inasmuch  as  the  annual  forms, 
falling  In  the  last  half  of  the  year,  naturally  tend  to  make  the  number  of  errors 
found  in  that  half  of  the  year  numerically  greater  than  the  first  half. 

Having  given  the  record  of  the  most  proficient  obs<3rvers,  it  is  but  proiier  to 
call  attention  to  the  woi:k  of  those  who,  in  the  i)oriod  above  quoted,  fell  below 
the  standard  of  eillciencv.  Nine,  or  6  ix)r  cent  of  the  whole  number  of  obser- 
vers in  charge  of  tirst  and  second  class  stations,  made  more  than  sixty  and  less 
than  one  hundred  errors,  the  average  being  sixty-nine  errors  for  the  six  months. 
Six  of  the  above  number  are  exi)crienced  observers.  The  remainder  have  had 
but  little  experience  in  the  management  of  a  station,  and  have  since  shown 
marked  improvement  in  their  work. 

The  recoi-d  for  the  preceding  six  months,  in  regard  to  efficiency,  differs  but 
slightly  from  the  figui'cs  given  above,  being  25,  or  17  per  cent,  of  the  total  num- 
ber of  observers  in  t^harge  of  tirst  and  second  class  stations,  with  an  average  of 
live  errors  each  for  the  six  months.  Taking  the  corps  of  observei-s  as  a  wnole, 
the  record  for  efficiency  is  highly  creditable.  The  whole  number  of  errors  made 
bv  311  observers  du|*ing  the  year  ending  June  30, 1891,  is  9,422,  an  average  of 
tfiirty  erroi-s  i)er  man  per  annum,  or  two  and  one-half  errors  per  month.  Con- 
sidering the  very  gi*eat  number  of  entries  and  computations  involved  in  a  month's 
work,  it  is  believed  the  jKu^centage  of  accuracy  attained,  (me  error  for  each  7,411 
entries,  will  compai-e  most  favorably  with  the  efficiency  of  any  other  branch  of 
the  public  service. 

The  table  below  shows  the  number  of  forms  examined  and  error  letters  pre- 
pared during  the  year : 


Forms  No.  — 


1001 
1015 
1022 
1002 
1003 
1026 
1061 
1065 
1004 


Total 


Number 

Error 

letters 

examined. 

written. 

1 ,  73« 

) 

52. 5fi0 

[ 

1,736 

1,710 

) 

143 
143 

} 

• 

143 

1, 250 

960 

88. 038 

080 

240 

:^)0 

348 

232 

140,183 

4, 251 

METEOROLOGICAL  DATA. 

The  application  of  meteorological  data  to  the  practical  affairs  of  every-day  life 
is  well  illustrated  in  this  branch  of  tlie  division's  work.  The  tendency  towards 
theorotical  investigation,  whik)  fairlv  well  marked,  is  but  slightly  felt  as  com- 
pared with  the  growing  demand  for  mformation  which  Ls  directly  a])plicable  to 
the  varied  interests  of  tratle  and  connniTCN'.  The  intcrest^i  of  parlies  in  litiga- 
tion, especially  on  the  eastern  scalxjaVd.  ar(?  served  in  no  small  degree  by  the 
presentation  of  climatological  facts  w  hit-h  t^md  to  modify  in  a  greater  or  less 
measure  the  liabilities  of  the  i)arties  in  action.  The  numixM*  of  requests  for  in- 
formation as  to  the  state  of  the  wi  rather  at  tl>c  entrance  of  Delaware  and  New 
York  bays,  respectively,  suggest  the  advisa})ility  of  making  arrangements  for  a 
more  complete  record  of  the  weatlier  at  these  points.  The  records  now  made  at 
Sandy  Hook,  N.J. — wind  velocity  only— have  l)een  used  frequently,  but  in  al- 
most all  cases  the  value  of  the  infoi'mation  so  obtained  would  liave  boen  greatly 
enhance<l  if  the  direction  of  the  wind  and  the  slate  of  the  weather  could  have 
been  added.    Applicants  for  information  as  to  weather  conditions  at  Delaware 
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Breakwater  are  given,  as  a  rule,  data  for  Atlantic  City,  N.  J.,  but  it  is  doubtful 
whether  the  latter  are  as  satisfactory  as  might  be  desired. 

The  openin<f  up  to  settlement  of  new  territory  in  the  Southwest  has  created  a 
demand  for  climatic  data  x)ertaining  to  that  region.  Unfortunately  the  office  has 
not  been  able  to  supply  in  all. cases  as  much  information,  either  in  quality  or 
quantity,  as  desired,  owing:  to  a  scarcity  of  observations. 

The  experience  of  the  year  confirms  the  opinion  bofoi-e  held  thata  dimaiology 
of  the  United  States  l)y  States  or  localities,  prepared  under  such  conditions  as 
would  enable  the  ordinary  mind  to  grasp  the  salient  climatic  features  of  each 
State  or  locality  would  be  of  very  great  value  to  the  people.  Such  a  work  would 
t-^jnd  to  cducato  the  masses  in  the  methods  of  modern  climatic  research,  and  en- 
courage habits  of  observation  in  those  who  have  a  natural  inclination  in  that  di- 
i-ection.  The  publications  of  the  Weather  Bui-eau  available  for  distribution,  so 
far  as  temperature  and  precipitation — the  elements  of  most  importance — are  con- 
cerned, are  now  more  comprehensive  than  ever  before,  but  it  is  the  exceptional 
mind  which  can  take  monthly  averages,  extremes,  etc.,  as  they  are  put  forth  ih 
annual  reports,  the  channel  through  which  climatic  data  for  many  portions  of 
the  country  must  flow,  and  proiKjrly  comprehend  them. 

The  climatic  reports  already  made  pursuant  to  Congressional  resolutions  haye 
})roven  highly  beneficial,  and  it  is  hoped  that  some  general  provision  may  bo 
made  whereby  the  climate  of  all  portions  of  the  country  may  be  similarly  re- 
ported upon. 

The  following  statement  shows  in  detail  the  number  of  certificates,  tables,  and 
statements  that  have  been  furnished  during  the  year : 

Transcripts  of  Signal  Service  records  authenticated  by  the  honorable  Secre- 
tary of  Wai' - 74 

Signal  Service  records  produced  in  court  by  observers  in  charge  of  stations 
I  number  of  times).. 107 

Miscellaneous  tables  and  statements,  not  certified,  furnished  by  this  office..  429 
Miscellaneous  tables  and  statements,  not  certified,  furnished  by  observers..  245 

Total 855 

REVIEW  TABLES. 

The  metcorologicjil  tables  which  appear  in  the  Monthly  Weather  Review  have 
been  prepared  with  that  care  and  attention  necessary  to  secure  trustworthy  and  re- 
liable data.  Special  attention  has  been  given  to  the  enlargement  of  the  table  of 
miscellaneous  voluntary  observers'  i-eports,  and  to  the  publication  of  delayed  re- 
ports. Thus  the  results  of  practically  all  of  the  observations  contributing  to  the 
Bureau  ave  put  in  convenient  form  for  reference  and  study,  not  only  by  those  con- 
nected with  the  Woathoi*  Bureau,  but  by  students  of  meteorological  data,  wherever 
situated .  The  fund  of  inf  oi-mation  conveyed  to  the  student  of  climatology  through 
the  medium  of  the  Monthly  Weather  Review  will  best  bo  comprehendea  by  an  ex- 
amination of  that  publication. 

FILING  AND  BINDING. 

There  remained  to  be  bound  on  July  1,  1890,  forms  and  reports  for  the  year 
1889  only.  Since,  however,  the  reports  for  several  years  c€ui  often  be  bound  more 
economically  than  the  forms  for  a  single  year,  no  action  was  taken  to  bind  the 
1889  reports  until  those  for  1800  had  accumulated. 

There  were  bound  during  the  year  the  following  : 

Anemometer  records :  Volumes. 

1889 151 

1890- 152 

Abstracts  of  daily  journal : 

1^S9 - 37 

1890 - 36 

Original  records  of  obsi»rvation.  ISJ^O.. 21 

ObSrvers'  annual  reports.  1KJS9 2 

Annual  meteorological  summary.  18S9 1 

Total  number  bound  volumes ...     ....,  400 
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THE  RECORDS  VAULT. 

No  progress  has  been  made  during  the  year  toward  improving  the  old  or  pro- 
▼idine  new  shelving  for  the  accommodation  of  the  records  which  have  been  ac- 
cumulated during  tne  past  twenty-one  years. 

Attention  is  especially  invited  to  the  fact,  pointed  out  in  the  records  officer's 
previous  report,  that  the  present  shelving  is  far  from  being  adequate  to  the  needs 
of  the  Bureau.  Several  tons  of  valuable  records  are  now  resting  on  the  floor,  all 
of  which  are  slowly  but  steadily  yielding  to  the  inevitable  forces  of  destruction. 

It  should  also  be  rememberoa  that  with  the  transfer  of  the  Weather  Bureau  to 
the  Department  of  Agriculture  the  original  records  of  observation  now  stored  in 
the  War  Department  building  must  bo  removed  therefrom. 

Every  foot  of  wall  shelving  is  now  occupied,  and  in  many  sections  the  records 
are  packed  away  in  double  tiers,  making  access  to  those  in  the  rear  quite  labor- 
ious. Satisfactory  storage  facilities  c^n  not  be  had  without  substitutmg  adjust- 
able metal  shelving  for  the  temporary  wooden  wall  shelving  and  constructing 
new  interior  shelving,  as  recommended  in  the  annual  report  of  the  records  officer 
for  1890.  Metal  adjustable  shelving,  while  more  costly  than  wooden  shelving^  is 
believed  to  be  more  economical  in  the  end,  on  account  of  its  lightness  and  dura- 
bility and  the  ease  with  which  changes  in  the  filing  capacity  of  any  section  can 
be  made.        ^  • 

Immediate  action  on  the  records  officer's  letter  of  June  15, 1891,  is  urgently 
recommended  in  order  that  the  records  may  be  saved  from  destruction  and  room 
provided  for  those  now  in  the  War  Department  building. 

A  new  system  of  lighting  is  also  urgently  needed,  and  must  be  supplied  when- 
ever interior  shelves  are  constructed.  The  interior  shelves  should  be  flrst  set 
up  so  that  the  records  now  on  the  wall  shelves  may  be  transferred  thereto  and 
thus  save  the  labor  of  rearranging  them. 

ANNUAL  REPORT  TABLES. 

The  general  meteorological  tables  for  the  United  States,  as  printed  in  the  an- 
nual report  of  the  Chief  Signal  Officer  for  1890,  p.  273  to  649,  were  prepared 
in  the  division  during  the  year.  These  tables  are  necessary  adjuncts  in  the  cur- 
rent work  of  the  divbion,  and  enable  the  office  to  supply  the  public  with  much 
mformation  which  could  not  otherwise  be  furnished. 

Through  the  valuable  cooperation  of  the  Public  Printer  the  typographical 
appearance  of  these  tables  has  been  very  much  improved.  The  larger  and  more 
distinctive  type  has,  moreover,  added  to  the  facility  with  which  the  data  may 
be  consulted. 

CORRESPONDENCE. 

The  correspondence  of  the  division  embraces  all  matters  pertaining  to  the 
preparation  of  the  meteorological  records  of  the  Signal  Service,  the  correction  of 
monthly  forms  and  reports,  the  elevation  of  instruments,  the  establishment  and 
equipment  of  new  voluntary  stations,  the  acknowledgment  of  voluntary  observ- 
ers* reports,  and  the  transmission  of  meteorological  data  to  the  public. 

Letters  were  prepared  in  the  division  as  follows : 

For  tho  autograph  signature  of  the  Chief  Signal  Officer,  press-copied  and 
mailed  in  the  records  division 714 

For  the  signature  of  records  officer,  press-copied  and  mailed  in  the  corre- 
spondence division 6,711 

For  the  signature  of  the  records  officer,  including  circular  letters,  acknowl- 
edgments, etc 2 ,  :j84 

Acknowledgment  cards,  circular  letters,  etc.,  not  copied 9, 8.'>8 

Two  thousand  eight  hundred  and  forty-six  letters  have  boon  rocoived  and  re- 
corded during  the  year. 

X        COMPILATION  OF  STATION  RECORDS. 

Under  instructions  from  the  Chief  Signal  Officer,  the  hourly  wind  travel  at 
the  principal  stations  of  the  Signal  Service  for  18S1  and  1882  was  counted  and 
tabulated  during  the  year.  There  are  now  available  for  use  ten  yeare'  i-ecord  of 
these  data,  1881-1890. 

Tho  record  of  excessive  precipitation,  rainfalls  of  2.50  inches  and  over  per 
day  and  1  inch  per  hour,  has  been  extended  throughout  the  ycara  1888,  1889,  and 
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1890,  thus  completing  a  continuous  record  of  these  important  data  from  the  estab- 
lishment of  the  stations  to  December  31,  1890. 

MEANS  BOOK. 

The  unsatisfactory  condition  of  the  retained  meteorological  recorclB  pertain- 
ing to  the  Signal  Service  stations  throughout  the  country  led  to  the  preparation 
during  the  year  of  a  permanent  book  of  record  for  the  entry  of  the  monthly  and 
annuu  meteorological  values  from  the  establishment  of  the  Signal  Service  to  the 
present  time. 

The  necessity  for  such  a  book  of  record  must  be  apparent  to  any  one  coii\'er- 
sant  with  the  niany  changes  in  forms  and  methods  of  preparing  annual  and 
monthly  reports.  The  book  is  so  arranged  that  when  completed  it  will  contain 
a  meteorological  history  of  each  station,  embracing  the  different  exposures  ot 
instnunents,  location  of  station,  extremes,  averages,  and  other  valuable  climatic 
data. 

A  very  considerable  amount  of  work  has  been  imposed  on  the  records  divi* 
sloD  in  supplying  stations  with  records,  copies  of  which  had  not  been  made  for 
the  staUon  files. 

•  VOLUNTARY  OBSERVERS. 

The  voluntary  observers  of  the  Signal  Service  have  accorded  a  full  measure  ol 
eenerous  cooperation  during  the  year.  The  increase,  while  not  numerically 
large,  is  believed  to  be  more  of  a  permanent  character  than  heretofore,  the  loss 
by  resignations,  deaths,  removals,  etc.,  being  but  12  per  c«nt,  as  ag^ainst  18  per 
cent  for  the  preceding  year.  The  division  has  been  successful  in  interesting  the 
officials  of  one  or  more  of  the  groat  trunk  lines  of  railway  in  the  matter  of 
taking  meteorological  observations  in  the  sparsely  settled  ix)rtions  of  the  coun- 
try. It  needs  no  elaborate  argument  to  show  the  usefulness  of  the  data  thus  ob- 
tained, nor  the  advantages  of  having  some  central  authority  to  collect  and 
disseminate  it. 

The  generous  policy  pursued  with  reference  to  the  loan  of  standard  instru- 
ments to  old  voluntary  observers,  or  new  observers  in  localities  not  already 
occupied,  has  operated  to  increase  interest  in  climatological  work  and  furnish  a 
better  class  of  re|)orts. 

The  loss  of  self-registering  thermometers  by  breakage  has  been  quite  large,  as 
noted  in  former  years.  One  hundred  and  forty-six  of  such  instruments  were 
broken  during  the  year,  a  large  proportion  of  them  before  the  Government  had 
received  any  returns  in  the  way  of  observations.  The  breakage  in  the  case  of 
ordinary'  thermometers  was  but  twenty-two. 

There  were  Issued  to  voluntary  observers  during  the  year  : 

Exi)Osed  thermometers .^ 103 

Maximum  thermometers.  _ 345 

Minimum  thermometers 310 

Rain  gauges 253 

Total 1 1,011 


; 


TI)c  number  of  applications  for  expensive  in.strumcnts,  barometers  especially, 
has  boen  unusually  large  during  the  year.  A  lack  of  the  necessary  instruments 
and  other  causes  has  made  it  im]K)ssible  to  comply  with  these  r€)qucsts. 

The  table  lx)low  shows  the  number  of  cooperating  observers  in  each  State  for 
1890  and  1X91  • 
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9l»te9  sod  T^rri- 
tortee. 


AMmmda 

AjriMB* 

ArkMMM 

CftUfbnada. 

Coiomdfa^- 

Conatptlout 

D9likw«re 

Si9l.ofColuiabia. 

Florida 

GMfsla 

Idaho.. 

lUinoli 

IbcUaim 

ladlaa  Territopy. 

lawa 

KansaH 

IC^nfeucky 

y^^ifffc^y^i^ft 

]^i4ne 

MMrylttod 

MawaetiuaettB . . . 

Michigan 

Miaoeioia 

MiMteippi 

MlMHirl 


N^hrttska 

Nevada 

Kaw  HMiip«hire. 

Naw  Jersey 

New  Miaxico 

NewYork 

North  CHiroUaa.. 
North  Dakota... 

OWo 

Okinhoiaa 

Oreffon 

Pennsylvania  ... 
Rhode  Island  ... 
South  C^arelina.. 
8outh  Diakota... 

T»nnounee 

T^aa 

UtAh 

Vermoot 

Virginia 

WaehingtoB 

Weet  Virginia. - 

WiBOoniiin 

Wyoming 

Miscellaneous... 


Voluntary 

and  State 

weather 

service. 


1890. 


24 

3 
33 
25 
45 
75 
27 

1 

1 

16 
18 
10 
44 
32 

2 
44 
99 
33 
43 
15 
13 
74 
103 
26 
44 
51 

48 
36 
23 

:» 

11 
67 


9 
66 

1 
37 
87 
10 
27 
20 
38 
($5 
U\ 
13 
IH 

.> 

t) 
20 

7 
17 


1891. 


*M> 


Total I  1,615  I  1,727 


Medical  De- 

partmentf 

U.  S.  Army. 


2 

40 
29 
44 
»5 
27 
2 
1 

18 
15 
10 
44 
29 
4 
76 
81 
19 
40 
14 
12 
77 
96 
20 
26 
5S 

24 

23 

42 

18 

107 

27 

17 

56 
«> 

10 
23 
28 
37 
73 
Ki 
12 
1^» 

13 

.* 
t 

23 


1890. 


10 


3 


1 
2 

1 
2 


3 

1 

1 
o 

art 
1 

9 

art 

3 
1 
I 


7 
4 


»> 


6 


121 


1891. 


•>  • 


12 ; 


6 

1 

8 
3 
1 


Railroad. 


1890. 


1801. 


9 


154 
. . .  J. 


1 
»> 

art 
1 

»> 


2  !. 

1 

•> 

1 

2 
3 
1 
I 
1 
6 
4 


3 
13 


5 


11 
153 


Total. 


18 


2 


17 
2 


')    ■ 

5 

1 
•> 

i 

i 

1 

1 

1 

o   . 

1 
__     _     _     1 

i 

2 

•>    : 

o 

1 

1 

4    ' 

4 

12 

11 

f    "  ""' 

2  ■ 

e 

6 

189a 


25 
3 

52 
27 

207 

78 

28 

1 

2 

18 

19 

12 

46 

32 

4 

44 

102 
U 
44 
17 
14 
76 

106 
27 
45 
51 
14 
52 
54 
23 

;« 

19 
79 


13 
17 


112 


101 


101  1,927 


1891. 


23 
2 
57 
30 
205 
98 
28 
2 
2 
20 
16 
12 
46 
29 
5 
76 
84 
21 
41 
16 
13 
79 
99 
21 
27 
59 
13 
67 
41 
23 
42 
23 
120 
27 


14 

0.1 

67 

57 

3 

4 

39 

36 

80 

71 

11 

11 

27 

23 

24 

32 

38 

37 

i    I 

84 

24 

24 

13 

12 

20 

21 

10 

IS 

9 

7 

2()  i 

(57 

12 
23 


2,028 


Cooperating  voluntary  observers  of  all  classos  on  .Inly  1,  18iM) 1,927 

Now  observers  obtained  duriq^  the  year  endin<,^  .Juno  30.  1801 ;WI 

Resignations,-  deaths,  romovals.  etc.,  durin;,^  sanio  period 28<) 

Observers  reporting  on  June  30,1801 2,028 

Net  gain  during  the  year \QV 


324  REPORT   OF   THE   CHIEF   SIGNAL   OFFICER. 

SPECIAL  WORK  OF  THE  YEAR. 

The  widening  of  popular  interest  in  meteorology  and  oflQcial  recognition  of 
its  applicability  to  many  matters  of  legislation  have  been  clearly  apparent  in  this 
division,  which  has  been  called  upon  to  do  much  work  of  a  special  character  in 
addition  to  a  sufificiently  engrossing  routine  duty.  The  more  important  of  these 
matters  may  properly  be  mentioned. 

(1)  Climate  of  Texas. — During  the  last  session  of  Congress  the  Senate,  by  res- 
olution, called  for  a  complete  report  on  the  climate  of  Texas,  with  particular 
reference  to  its  bearing  upon  economic  agriculture.  Upon  receipt  of  instruc- 
tions, this  division  compiled  tables  of  all  existing  data  of  temperature  and  precip- 
itation in  the  State  under  examination,  computed  and  charted  mean  values,  and 
in  general  prepared  the  material  for  the  report,  so  far  as  concerned  these  two 
elements  of  climatic  investigation,  the  m^an  temperature  and  mean  rainfall. 

(2)  Michigan  temperature  normals. — The  charts  of  normal  temperature  for  the 
State  of  Michigan,  half  completed  last  year,  were  tinished  during  the  present. 
The  charts  from  July  to  December  were  published  in  serial  issues  of  reports  of 
the  weather  service  of  that  State, 

The  suggestion  made  in  this  connection  last  year  is  continued  as  an  urgent 
recommendation  in  this.  The  entire  mass  of  temperature  data  now  filed  in  the 
records  of  this  ofli<;e  should  be  charted,  both  for  the  purpose  of  placing  it  in  con- 
venient shape  for  further  study,  and  also  that  erroneous  values  found  therein 
may  be  corrected.  It  is  scarcely  necessary  to  remark  that  the  charting  of  data 
for  any  given  area  will  almost  infallibly  bring  to  light  the  greater  part  of  the 
errors  which  inevitably  occur  in  any  extensive  compilation. 

(3)  Temperature  normals  by  decades, — During  the  year  there  have  been  prepared 
seventy- two  charts  showing  the  noi*mal  temperature  conditions  throughout  the 
United  States  and  Canada  at  8  a.  m.  and  8  p.  m.,  seventy-fifth  meridian  time,  by 
decades,  three  decades  to  each  month.  These  have  been  published  in  a  limited 
edition  for  use  in  the  daily  i*outine  of  the  forecast  division,  both  as  a  matter  of 
public  economy  and  in  the  interests  of  improved  service. 

The  term  "  decade  "  is  used  in  reference  to  ten-day  periods,  counted  from  the  first 
of  each  month,  and  the  term  is  continued  to  the  last  decade  of  each  month 
whether  it  contains  eight,  nine,  ten,  or  eleven  days.  This  division  of  monthly 
]>eriod6  into  decades  is  one  which  has  not  been  attempted  prior  to  the  adminis- 
tration of  the  present  Chief  Signal  Officer,  yet  it  must  commend  itself  to  all  who  are 
familiar  with  the  rapid  change  of  mean  temperature  from  day  to  in  the  day 
early  spring  and  autumn  months.  At  these  seasons  it  is  by  no  means  uncommon 
to  find  a  diiTei*ence  of  12^  between  the  mean  temperatures  of  the  first  and  last 
days  of  the  month,  so  that  in  using  a  normal  for  the  month,  which  is  approxi- 
mately the  noimal  of  the  fifteenth  day,  the  values  for  the  first  and  last  days  must 
necessarily  be  about  6''  in  error,  and  for  the  intervening  days  pi'oportionately 
less. 

To  appreciate  the  amount  of  work  done  by  this  division  in  preparing  these 
charts  it  is  necessary  to  imderstand  the  methods  by  which  these  decades  Aor- 
mals  wei'e  computed,  and  the  statement  will  illustrate  the  condition  of  the  early 
records  of  the  Signal  Service. 

Although  the  Signal  Service  has  been  in  existence  upward  of  twenty  years 
it  has  not  in  that  ])eriod  accumulated  sufiieient  actual  observations  at  any  one 
hour  or  set  of  hours  from  which  normal  values  could  be  derived.  Changes  ia 
the  houi*s  of  observation  have  been  so  frequent  that  instead  of  one  unbroken 
telegraphic  series  of  twenty  years'  observations,  there  are  six  series,  irregular 
in  length,  and  made  at  different  houi^s. 

Iji  addition  to  the  telegraphic  series,  observations  were  made  at  7  a.  m.,  2 and 
9  p.  m.  local  time,  from  the  establishment  of  the  Service  to  September,  1880 ;  at 
mid-day,  Washington  mean  time,  from  August  1, 1S71,  to  December  31, 1879 :  at 
11  a.  m.  from  January  1.  18-^0,  to  December  31, 18S4  :  at  7  p.  m.  from  July  1, 1881, 
to  December  31, 1884 ;  from  January  1, 1885,  to  April  1,  1887,  at  11  a.  m.  and  7  p. 
m..  seventv-fifth  meridian  time,  and  in  addition  special  observations  were  made 
for  short  periods  in  1879, 1880, 1885, 188(5, 1887.  and  1888. 

From  the  observations  above  mentioned,  the  telegraphic  series  extending 
from  November,  1879,  to  June  30.  1888,  was*  sileeted  as  being  the  least  objection- 
able, the  only  departures  from  the  hours  of  7  a.  m..  3  and  11  p.  m.,  Washinsfton 
mean  time,  being  on  January  1,188^,  when  seventy-fifth  meridian  time,  eight 
minutes  fa.ster  than  Washin^rton  time.wiis  adojited,  and  on  January  1, 1887,  when 
the  time  <if  takinir  the  ni^hx  obrservation  was  changed  from  11  to  fo  p.m.  Start- 
ing with  this  series,  whieh  alTords  nine  years'  6b^^e^vations  at  7  a.  ni.  and  3  p.  m.^ 
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and  eight  years  at  11  p.  m.,  as  a  basis  of  comparison ,  the  mean  values  of  obser- 
Tations  at  all  other  hours  during  the  same  period  were  computed  and  tabulated 
for  examination.  These  values  were  further  supplemented  by  computing  the 
averages  of  the  local  and  other  special  observations  for  the  several  hours  at 
which  they  were  taken  during  the  i)eriod  between  Januarv,  1877,  and  October, 
1879.  There  were  thus  obtained  observations  of  greater  or  less  length,  covering 
fairlf  well  the  hours  of  the  day  between  7  a.  m.  and  11  p.  m.,  seventy-fifth  merid- 
ian tune,  when  the  changes  of  temperature  are  most  rapid.  It  was  then  possi- 
ble, by  employing  the  ratios  found  to  exist  between  the  temperatures  values  of 
the  several  hours  of  the  day,  to  so  coordinate  the  averages  found  in  the  shorter 
series  with  those  of  the  longer  as  to  give  an  approximato  equivalent  of  about 
twelve  years'  observations  at  each  of  the  critical  hours  of  temperature  changes. 

The  observations  fi*om  about  sixty  stations,  selected  so  as  to  represent  the  en- 
tire area  of  the  country,  were  thus  reduced,  and  by  charting  the  averages  for  the 
several  hours  of  the  day,  a  curve  representing  the  normal  diaily  variation  was  ob- 
tained. 

A  comparison  was  then  instituted  between  the  curve  so  obtained  and  the  values 
^iven  by  about  three  years'  records  of  standard  theraiographs,  with  a  view  of  ver- 
ifying the  previous  work  of  reduction.  No  material  error  was  discovered,  how- 
ever, nor  is  it  believed  that  any  of  the  normals  will  bo  foimd  sensibly  in  error 
when  checked  with  the  results  of  many  years'  actual  observations.  With  refer- 
ence to  the  accuracy  of  the  thermograpns  in  use  it  seems  proper  to  say  that  it 
had  been  ascertained  before  putting  them  into  o))eratiou  that  with  careful  mani])- 
iilation,  and  frequent  checks  by  comparison  w^ith  standard  mercurial  thermom- 
eters, the  possible  error  in  the  results  obtained  therefrom  would  seldom  amount 
to  more  than  a  fraction  of  a  degree  in  mean  values.  Single  i*eadings  would  of 
course  differ  from  readings  of  standard  instruments  by  a  degree  and  sometimes 
more,  but  a  comparison  of  the  hourly  averages  obtained  from  both  sources  sel- 
dom showed  differences  greater  than  a  tenth  of  a  degree. 

Having,  as  before  stated,  the  curves  of  average  diurnal  variation  of  temper- 
ature for  sixty  representative  stations  it  became  an  ea^y  matter  to  draw  normals 
for  8  a.  m.  and  8  p.  m.  therefrom,  and,  by  interix)lation,  to  reduce  the  averages 
obtained  at  intervening  stations  for  the  hours  of  7  a.  m.  and  11  p.  m.  respectively, 
to  corresnonding  values  at  8  a.  m.  and  8  p.  m. 

The  value  of  the  results  presented  will  be  appreciated  best  by  those  who  have 
attempted  similar  lines  of  research  in  the  past  and  by  the  constantly  increasing 
number  of  persons  who  find  themselves  in  need  of  reliable  climatic  data  assem- 
bled in  working  x)eriods.  More  especially  will  the  data  be  valuable  when  an  at- 
tempt is  made,  and  the  time  is  not  far  distant  when  such  an  attempt  must  be 
made,  to  reduce  the  great  mass  of  temperature  observations  in  the  files  of  the 
Signal  Office  to  comparable  results.  The  table  of  temperature  corrections,  pub- 
lished within  the  year,  used  in  connection  with  these  charts,  will  enable  anyone 
to  construct,  as  regards  mean  hourly  temperatures,  a  climatic  map  of  the  United 
States  in  which  no  serious  error  can  obtam. 

As  these  charts  have  become  a  necessary  aid  in  the  work  of  the  foi'ecast  di- 
vision, so,  it  is  confidently  expected,  they  Vill  also  become  valuable  adjuncts  In 
the  duties  of  local  observers,  with  reference  to  forecasting  the  weather  and 
furnishing  information  to  the  press  and  general  public.  It  is  also  anticipated 
that  observers  charged  with  the  preparation  of  weekly  or  monthly  crop  bulletins 
for  the  benefit  of  those  interested  in  agricultural  pursuits  will  be  able  to  widen 
the  scope  of  their  labors  by  having  at  command  i*eiiable  noi-mal  data  for  their 
own  as  well  as  contiguous  States. 

(3)  Extremes  of  temperature  by  decades. — In  addition  to  the  charts  of  decade  nor- 
mal temperatures,  thirty-six  additional  charts  were  prepared  to  show  by  decades 
the  extremes  of  temperature  which  have  been  recorded  m  the  Unit/ed  States  from 
1872  to  June  30, 3891,  with  the  year  and  day  of  occuri^encc.  Those  charts  show 
for  each  locality  the  limits  within  which  the  temperature  may  }yo  expected  to 
range,  and  also,  by  comparison,  the  relation  whicrh  any  unusually  high  or  low 
temperature  may  boar  to  the  extremes  previously  experienced. 

Tne  extrem«js  of  temperature  aj-e  of  far  greater  interest  from  a  climatic  than 
from  a  meteorological  standpoint.  The  frequency  of  very  high  temperatures 
in  summer  or  of  exceedingly  low  temperature  in  winter  is  that  climatic  feature 
which  forcibly  impresses  itself  on  the  ordinary  man,  and  which  goes  farther  to  con- 
vey a  definite  ideaof  local  climat<5  than  any  other  element .  While,  theivfore,  the 
charts  of  maxima  and  minima  of  temix^rature  do  not  possess  the  same  scientific 
value  as  many  other  publications  of  the  Signal  Service,  yet  in  interest  they  will 
probably  siivp^w  them. 
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The?  tlattt  i'ni))i'acvil  in  theso  charts  are  valuablo  for  ivfurencc  for  many  pui^ 
portes.  Tlio  i)hysi(4an  can  easily  deduce  thcivfrom  an  opinion  as  to  whether  the 
eontinj^'cncy  of  ilan^oi'ous  temi)oratureshas  pass^'d  or  is^  a])iii'oaching: ;  the  farmer 
can  not*'  whether  hii^h  temixirature  may  yet  (rome.  or  whether  there  Koon  will 
come  a  de<^a«U.'  in  which  the  possibility  will  exist  of  early  damaging froBts  which 
may  entiivly  destroy  some  delicate  and  valuable  crop,  suc^h  as  tobacco,  and  the 
shipper  to  remote  points  may  know  how  and  when  to  insurer  the  satiefactoi^ 
transmirtsion  of  euslly  and  deli<'ate  consijfnraents  wliich  arc  susceptible  to  serious 
injui'y  by  <Mthei*  jri'eat  h«'at  or  extreme  cold. 

ThtTCi'  wcMN-  also  ])ivpared  charts  showing  the  chief  maxima  and  minima 
tempei-atui-e.  i"«'S])e('tiv«'ly.  in  the  United  States  and  the  Dominion  of  i*amuia 
from  the  lie^rinninf,*'  of  the  use  of  8<ilf-iv«3ristei'ing"  thermometei's  (g-enerally  in  1872 
in  the  United  States)  to  the  ])ivHent  time.  Thtj  data  for  ('anadian  Ktations  for 
vi?ry  ivr-ent  ])eriod8  wn-c?  not  available,  but  it  in  lH>lieved  that  the  values  ffiven 
will  not  N*  altort-d  by  additions  of  later  data. 

The  information  contained  on  these  <'harts  has  also  an  important  liearing  on 
many  of  the  vai'ied  inter«^st«  of  commerce  and  ag-ricultui-e,  and  will  be  found  u.se- 
ful  in  th«'  (Mirrent  work  of  the  eentnal  ollh'c  as  well  as  of  bi'anch  stations. 

(4)  Art  nvjf  vhfaJhirsK. — Foi-  the  aid  of  those  who  investigate  climatology  in  its 
Ix^aring  upon  cro])  pi'oduetion.  a  series  of  twelve  (Oiarts  has  been  prepared.  r>how- 
i]ig  l)y  months  the  averaj^i'  ]X'repqit«ge  of  cloudiness  at  Signal  Service  stations. 

The  data  on  which  thi*se  <*hurts  are  l>ased  has  iK'cn  derived  from  eighteen 
years  of  tridaily  visual  olwervations  lietween  the  years  1S71  and  IHi^,  except  at 
statitms  established  Hul)s<»ciuent  to  the  lirst-named' year:  gonei'ally  not  less  thxm 
four  yeai*?*'  jvcord  has  Ix-en  used  at  any  station.  Ttrtal  cloud iness'^is  reprefl«»nted 
by  lUO  )ier  cent,  and  an  alwence  of  clrnids  by  0. 

'  While  tlie  cloud  area  on  synoptic  charts  is  a  valuabh'  factor  in  indicating  coming 
changes  in  the  weather,  it  can  not  be  said  that  the  mean  values  of  cloud  dLsti'ilni- 
lion  are  equally  api)lical>l(?  in  modern  weatht'r  forecasting.  Their  efficiency  is  to 
,)yo  found  rather  in  their  application  to  questions  of  climatology,  wherein  It  is 
apparent  that  sunlight  and  cloudiness  have  imi)orlant  influences  on  health  and 
many  t^^l*icultural  and  commercial  int*'rests. 

The  average  quantity  of  cloua.  mist,  and  i*ain  to  Ix*  found  in  any  lot^ality  de- 
termines t<)  a  jrivat  extent  the  suitabh/ness  of  that  U>cality  as  a  habitat Imi  for 
persons  requiring  a  maximum  amount  of  simlight  anil  opportunity  for  exercise 
in  the  open  air.  The  medical  ])rofe8S>ion,  notwithstanding  the  im}K>rtance  of  the 
qiiestion,  is  yet  without  standard  cloud  maps  for  th<>  United  States. 

Pue  pro^wiiion  of  sunlight,  warmth,  and  moist  ui-e  is  necessary  to  produce  healthy 
vegetation  and  insure  the  ripening  of  growing  cro])s  in  certain  months  of  the 
year.  Cloudiness  is  also  an  important  element,  since  the  presence  of  cloiida 
iiaturally  i*esults  in  sciven  ing  the  earth  from  excessive  insolation,  or  in  other  words, 
diminishing  the  heat  n»ceived  by  vegetation  from  direct  rays  of  the  sun.  So, 
also,  acting  as  a  screen,  it  j>revi'n't*«,  in  a  measui'«\  the  radiation  of  heat  from  the 
earth  into  space,  and  tlius  materially  tends  to  modify  and  ivdiice  the  dinmal 
range  of  temperatun',  so  that  growing  vegetation  Is  not  subject  to  as  great  cold 
as  would  otherwise*  obtain  during  the  night,  nor. on  the  other  hand,  doesitreoeive 
the  full  amount  of  solar  heat  by  day. 

(5)  ]*mhahilitj/  of  rainy  iirnfs!— To  pn-sent  a  factor  which  legitimateily  enters 
into  successful  predii^tion  of  the  weather,  twelve  ehni'ts,  graph it^ly  presenting 
the  pi*ol>ability  «»f  rainy  days,  ]iavc»  In^en  ]>i'ei>arcd.  The  data  on  which  those 
charts  rest  have  been  derived  from  eighn»en  years'  .signal  Si^rvice  ohtfervatioiis 
Ix'tween  1JS71  and  18^SS.  Kecords  fnmi  stations  est>al)lished  sulwiequent  to  1871 
have  also  Ix'cn  used,  especially  in  ivgions  whinv  older  stations  atToraed  imj)erfeet 
or  incomplete  data:  but  no  record  of  less  duration  than  five  years  has  been  twed 
without  indicating  it*?  character. 

For  the  puriwses  of  this  study  a  day  is  elussed  as  rainy  on  which  occurred  pi'e- 
cipitation  of  at  least  O.Ol  inch.  The  average  numlK'r  of  such  dayfi  for  all  months 
at  each  station  has  been  calculated  and  inferred  to  the  whole  number  of  da^*s  in 
the  month,  resulting  in  a  percent4ige  which  shows  the  ]»Njbability  of  rain  at  t^e 
various  stations  for  each  dav  of  the  month. 

The  data  above  referred  to  havi^  lx»en  ex])i-esstMl  in  ix^i'contagcs  rather  than  In 
absolute  numbers,  for  the  reason  that  the  formei'method  eliminates  the  inequal- 
ities due  to  the  unequal  length  of  the  difTt^rent  months,  and  enables  the  student  to 
ai)])r(»hend  at  once  the  true  significance  of  the  records  k>  expressed. 

At  a  few  stations  on  the  Pacilic  coast,  where  the  calculated  percentages  of 
rainy  days  ai-e  less  than  five-tenths  of  i  per  cr»nt  for  certain  summer  montbt, 
2eru  has  be'en  entered  instead  of  the  fractional  value.    It  is  not  to  ba  understood, 
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however,  that  the  probability  of  rain  is  absolutely  zero.  Rain  may  and  docs  fall 
in  that  reg^ion  in  all  months  of  tho  year,  but  the  fall  of  the  summer  months  is 
BO  infrequent  that  the  probability  of  rain  occurringf  at  certain  stations  during 
the  summer  months  is  reduced  to  a  quantity  which  for  all  practical  purposes 
may  be  neglected. 

'fhe  probability  of  rain  for  all  months  and  all  sections  of  the  country,  as  shown 
on  these  charts,  is  a  legitimate  factor  in  tho  successful  prediction  of  the  weather, 
and  one  which  should  not  be  neglected. 

((»)  InreMUffttion  of  the  winds,— ^hirty-aix  charts  have  been  prepared,  embody- 
ing the  results  of  recorded  wind  ^iservations  under  the  four  following  topics : 

{a)  Average  velocity  at  65  repfisentative  stations  at  the  hours  ending  8  a.  m. 
and  8  p.  m.,  seventy-fifth  meriditm  time;  (b)  prevalent  direction  at  a  number  of 
stations  oast  of  the  Rocky  Mountains;  (c)  highest  and  lowest  average  hourly  ve- 
locity .with  the  hour  of  occurence:  and  (a)  the  average  number  of  times  a  veloc- 
ity of  25  miles  or  more  has  been  observed  at  the  principal  lake  stations. 

The  vast  amount  of  wind  data  available  for  this  study  will  be  appreciated  when 
it  is  said  that  there  are  on  file  at  this  ofUce  continuous  records  of  wind  velocity 
from  self-registering  instruments,  beginning  in  1872  and  continuing  to  date  or  to 
tho  time  of  closing  the  station.  This  matter  accumulated,  but  no  effort  was 
made  to  arrange  it  for  reference  or  study  until,  in  1834,  the  hourly  wind  travel  was 
tabulated  on  a  series  of  special  forms;  monthly  averages  were  not  computed,  and 
it  does  not  appear  that  any  attempt  was  made  to  connect  these  results  with  the 
current  work  of  tho  office. 

The  next  cflTort  was  on  a  considerably  larger  scale,  and  so  disproportionate  to 
the  clerical  force  of  the  divUion  as  "to  necessitate  different  treatment.  The 
Man*h  records  for  tho  years  1884  to  1887,  inclusive, were  computed,  and  the  work 
was  sufficient  to  show  the  physical  impoBsibility  of  handling  the  computation  in 
this  office.  As  a  I'esult,  the  forms  for  the  remaining  montl^  of  this  period  wei^e 
returned  to  the  olwervers,  by  whom  the  sums  and  averages  were  computed. 
From  these  results  were  deduced  the  average  velocity  for  each  hour  of  the  day 
iav  all  months  ot  the  year. 

Jut  these  values  proved  unsatisfactory  by  reason  of  the  shortness  of  the  recoi'd 
other  causes.  This  led  to  a  verification  of  the  work  in  tho  office,  and  at  the 
same  time  the  records  for  1883  were  returned  to  tho  observers  for  completion. 
The  years  1S81  and  1882  wero  likewise  reduced,  and  since  1888  the  original  forms 
have  been  computed  by  observers  before  transmission  to  this  office,  so  that  there 
are  now  available  ten  yeai-s'  records  of  hourly  wind  movement  at  the  principal 
stations  Ln  the  Unitod'Statas. 

It  has  not  been  possible,  however,  on  account  of  the  very  great  labor  involved 
and  the  delay  incident  to  the  completion  of  the  records  for  188l-'82.  to  calculate 
the  average  hourly  velocity  for  all  stations  on  a  ton-year  basis.  The  best  that 
could  be  done  with  the  clerical  force  available  was  to  comnute  a  seven-year  aver- 
age for  about  60  representative  stations,  a  comparison  of  tiie  seven-year  averages 
with  the  ten-year  normals  computed  for  a  few  stations  having  first  shown  that 
the  difTerences  between  the  seven  and  ten  year  averages  wero,  as  a  rule,  less  than 
half  a  mile  of  wind. 

No  attempt  haabecn  mode  to  api>ly  a  correction  for  the  differences  in  velocity 
due  to  changes  in  the  elevation  of  the  anemometers.  In  general  the  changes  of 
elevation  have  not  been  of  sufficient  importance  to  warrant  a  correction  being 
applied  except  for  purposes  of  groat  refinement.  It  should  also  be  added  that 
the  Robinson  factor  3  has  been  used  in  computing  the  original  velocities,  and 
ihat  to  reduce  to  true  velocities  the  corrections  published  in  General  Orders,  No. 
38,  1890  (see  also  Appendix  No.  25,  Anniml  Report  of  the  Chief  Signal  Officer  for 
1890),  should  be  applied. 

The  foregoing  remarks  apply  also  to  the  data  entered  on  the  12  chart-s  of  max- 
im* and  minima  velocities,  with  the  exception  that  at  the  stations  indicated  by 
on  asterisk  (*)  the  data  liav(»  been  drawn  from  records  less  than  seven  years  in 
length. 

Tho  charts  of  maxima  and  minima  velocities  show  also  the  hour  at  which  those 
velocities  occur,  and  by  taking  the  dilTerenee  betweeii  tli«'  extremes  the  ampli- 
tude of  the  mean  daily  variation  is  obtained. 

The  average  number  of  winds  of  2.')  miles  or  more  i>or  hour  has  been  computed 
for  ten  years  {1876  to  18Hr>),  ex(H?pt  for  Maixjuette,  Mich.,  where  the  record  is  for 
nine  years:  Roi'hestor.  N.  Y..  and  Sandusky,  Ohio,  seven  years,  and  Mackinaw 
City /Mich.,  three  years.  The  Vf!o«Mties  given  in  the  table  have  been  determined 
from  the  rate  for  fifteen  consecutive  minutes. 

The  prevailing  direction  for  the  wind,  and  also  the  direction  next  in  order  of 
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frequency  as  determined  from  eye  observations  for  a  period  of  seventeen  years, 
has  also  been  charted,  as  being  of  value  in  the  work  of  local  forecast  officials. 

A  lack  of  observations  at  8  a.  m.,  the  i)resent  morning  observation  hour,  has 
necessitated  the  use  of  observations  t.'4ikienat  the  followitog  times,  viz:  Nine  years' 
observations  at  7:35  a.  m.;  five  years'  observations  at  7  a.  m.,  Washington  mean 
time,  and  three  years'  observations  made  at  7  a.  m.,  seventy-fifth  meridian  time 
(eight  minutes  faster  than  Washington  time);  but  as  the  hours  above  mentioned 
do  not  differ  on  the  average  more  than  thirty -five  minutes  from  the  present  hour, 
it  is  believed  the  values  given  will  represent  with  a  fair  degree  of  accuracy  the 
average  actual  conditions  at  8  a.  m.  The  difference  in  time  between  the  present 
evening  hour  of  observation  and  the  hours  fr^  which  the  data  entered  on  the 
charts  were  obtained  is,  however,  much  greatef ,  averaging  nearly  three  hours. 
The  latter  were  deduced  from  two  ^'ears'  observations  at  11:1^  p.  m.;  twelve 
years'  observations  at  11  p.  m.,  Washington  moan  time;  two  years  at  11  p.  m.,  and 
one  year  at  10  p.  m.,  seventy-fifth  meridian  time. 

The  values  for  these  hours  may  not  hold  good  in  all  cases  for  8  p.m.,  but  it  is 
believed  that  with  careful  observation  of  the  shift  of  the  wind  at  or  near  the  lat- 
ter hour,  especially  during  settled  weather,  the  charted  data  may  be  used  with 
safety. 

The  diurnal  variation  of  wind  direction  in  the  United  States  has  not  been  in- 
vestigated to  any  considerable  extent,  so  that  but  little  is  known  of  its  tendency 
except  in  a  general  way.  It  may  be  said,  however,  that  in  the  northern  hemi- 
sphere there  is  a  well-defined  tendency  to  veer  a  little  in  the  morning,  and  to  back 
through  the  same  arc  in  the  afternoon.  This  inclination,  however,  is  clearly 
subordinated  to  the  influence  of  pressui*e  changes  and  distribution,  and  can  not 
be  detected  except  in  settled  weather. 

ISOBARS,   ISOfTHERMS  AND  WINDS,   187l-*T3. 

(7)  Thirty-six  charts  showing  the  isobars,  isotherms,  and  winds  in  the  United 
States  for  each  month  fi»om  January.  1871,  to  December,  1873,  were  completed 
during  the  ye&r. 

The  publication  of  charts  showing  monthly  isobars,  isotherms,  and  prevailing 
wind  directions  for  the  United  States  has  been  regularly  made  by  the  Signal 
Service  from  the  latter  part  of  the  year  1 873  until  the  present  time .  Many  demands 
have  been  made  upon  this  office  for  information  concerning  the  temperature, 
precipitation,  and  wind  directions  for  the  different  months  during  the  years  1871, 
1872,  and  1873,  prior  to  the  regular  publication  of  monthly  charts.  In  view  of 
the  fact,  however,  that  this  office  did  not  receive  reports  from  voluntary  observers 
until  1874,  it  was  impossible  to  furnish  the  data  required,  or  to  pul)lish  charts 
requested.  Some  time  since  Prof.  S.  P.  Langley,  of  the  Smithsonian  Institution, 
kindly  placed  at  the  disposal  of  the  Chief  Signal  Officer  of  the  Army  all  the 
original  and  complete  meteorological  data  within  the  control  of  the  Institution 
of  which  Prof.  Langley  is  secretary.  The  meteorological  information  thus  fur- 
nished supplemented  very  largely  the  data  already  accumulated  from  other 
sources,  and  enabled  the  Chief  Signal  Officer  some  time  since  to  publish  a  series 
of  monthly  rain  charts  of  the  United  States  for  the  years  1871,  1872,  and  1873. 
It  has  only  lately  been  possible  to  arrange  the  data  bearing  on  the  atmospheric 
pressure,  the  mean  temi>eratures,  and  prevailing  wind  directions  for  the  months 
in  question. 

All  available  sounres,  whether  pertaining  to  the  observations  made  by  the  of- 
ficers of  the  Medical  Department,  under  the  direction  of  the  Surgeon-General  of 
the  Army,  to  I'ejwrts  by  voluntary  observers  of  the  Smithsonian  Institution,  by 
officers  of  State  and  other  institutions,  or  those  made  by  regular  observers  of  the 
Signal  Service  at  stations  occupied  at  different  times'during  the  period  under 
consideration,  have  been  exhausted  in  the  i)rei)aration  of  the  charts  above  men- 
tioned. 

DIURNAL  VARIATIONS  OF  PRESSURE  AND  TEMPERATURE. 

(8)  The  investigations  imder  this  head,  described  at  some  length  in  the  records 
officer's  report  for  1890,  wortybrought  to  a  close  during  the  year.  The  results 
have  been  published,  and  will  soon  be  ready  for  distribution.  The  value  and 
scfope  of  these  publications  will  be  apprehended  best  bv  an  examination  of  their 
contents.  Suffice  it  to  sa}-,  that  the  state  of  our  knowledge  respecting  the  phe- 
nomena above  referred  to  has  heretofore  depended  maiiuy  upon  the  result  ci 
hourly  observations  at  Toronto,  Canada,  and  Mohawk,  N.  Y.,  supplemented  with 


i:  . 


BEPOBT  OP   THE   CHIEF   SIGNAL   OFFICER.  329 

obeervations  covering  short  intervals  of  time  at  about  eighteen  places.  (Smith- 
mniau  Contributions  to  Knowledge  No.  227.)  The  values  obtained  from  these 
obeervations  were,  unfortunately,  not  applicable  to  the  greater  portion  of  the 
country,  and  especially  to  that  portion  in  which  the  greater  number  of  observa- 
tions at  irregular  houi*s  have  been  and  are  maintained. 

APPLICATION  OP  CHARTED  DATA  TO  FORECASTING. 

The  main  ])urpoBe  to  be  subrfervod  by  the  prei)aralion  and  publication  of  these 
several  charts  and  reports  is  to  assist  in  securing  the  precision  which  is  now  de- 
manded and  required  by  the  Chief  Signal  Oflieor  of  forecast  officials.  It  is  con- 
sidered that  the  possession  of  a  series  of  standards  for  every  element  of  the 
meteorological  predictions  will  further  enable  those  officials  to  make  use  of  def- 
inite terms  in  fore-announcing  weather  changes.  In  this  regard  a  noteworthy 
development  has  been  made  in  the  customs  of  this  department  of  the  Service 
which  may  be  briefly  summarized. 

The  first  official  weather  predictions  of  the  Signal  Service  were  made  on  Feb- 
ruary 19, 1871.  At  this  time  throe  daily  predications  were  made  for  eight  hours 
in  advance,  the  districts  covered  by  each  set  of  ])redictions  w^ere  not  precisely 
defined,  and  the  elements  predicti«d  wore  equally  indelinite.  The  form  of  lan- 
guage adopted  for  these  first  forecasts  was  loose  and  geuLTul:  it  provided  so 
broadly  for  contingencies  that  it  could  seldom  })e  proved  absolutely  in  error,  yet 
it  could  never  be  proved  absolutely  correct.  Tn  October,  1872.  the  predictions 
were  made  for  twentv-four  hours  in  advance,  in  nine  districts,  the  elements  or 
topics  of  the  prediction  still  i*emaining  indefinite.  In  1874  the  number  of  dis- 
tricts was  inci*eased  to  eleven,  and  for  the  tirnt  time  the  elements  of  pi'cdiction 
were  defined  as  wind,  weather,  pressure,  and  temp;!rature.  The  districts  were 
reduced  in  1875  to  ten,  and  in  1877  the  element  of  pressure  was  abandoned  as  a 
part  of  the  prediction.  No  fiu^thor  change  was  made  until  July,  1885.  when  pre- 
dictions were  authorized  for  thirty-two  hours  in  advance,  and'  May.  188(5,  wTien 
the  system  of  predicting  districts  was  replaced  by  States  and  parts  of  States. 

But  in  September,  1887,  a  newly-inaugurated  system  made  itself  felt  by  the 
cbanp^e  in  verifications  from  fourths  to  tenths,  showing  the  intention  to  hold  the 
predicting  officer  to  a  stricter  account  of  his  success  or  failure.  In  July,  1888, 
predictions  were  ordered  foi*  thirty-six  hours  in  advance,  and  after  that  time  for 
twenty-four  hours,  and  for  the  two  elements  of  weather  and  temperature. 

The  new  methods  introdu(?ed  since  1887  have  been  remarkable  for  the  greater 
precision  impressed  by  the  strong  personality  of  the  Chief  Signal  Officer  upon 
the  forecaster,  as  absolutely  essential  to  the  proper  jxjrformance  of  his  work. 
He  is  now  required  to  predict  for  any  individual  State  the  approaching  changes 
of  weather  and  temperature,  and  is  held  to  strict  accountability  for  the  forecast 
he  has  made.  The  loose  probability  of  the  earlier  system  which  might  mean 
anything,  and  frequently  meant  nothing,  has  been  supplanted  by  a  system  of 
dennite  and  precise  statements,  giving  positive  prediction.  It  is  to  be  noted 
that  under  the  present  Chief  Signal  Officer  the  Signal  Service  is  the  first,  and  as 
yet  the  only  predicting  Bureau  which  has  ventured  to  put  to  practical  test  the 
belief  that  meteorology  is  an  exact  science,  to  such  an  extent  that  daily  deduc- 
tions therefrom  may  be  presented  »in  positive  statements.  European  meteoro- 
logical bureaus  ai*e  still  in  the  era  of  guarded  and  timid  suggestions  as  to  what 
weather  may  possibly  come,  from  whicli  this  service  has  been  emerging  more  and 
0101*6  confidently  during  the  past  four  years. 

CLIMATIC  MONOCniAPilS. 

(9)  In  addition  to  the  continuous  routine  of  record  and  comparison  of  results 
which  is  entailed  upon  this  division  by  its  receipt  of  all  data  of  systematic 
meteorological  observations  throughout  the  countrv,  the  preparation  of  the 
report  on  the  climate  of  the  arid  region  (H.  Ex.  ^o.  287)  made  necessary  the 
compilation  of  all  climatic  records  on  file  in  this  office  from  the  States  of  Cali- 
fornia, Nevada,  and  Colorado,  and  the  Territories  of  New  Mexico,  Arizona,  and 
Utah.  For  each  political  division  alwve  not<»d  were  compiled  and  reduced  ex- 
haustive tables  of  temperature  and  precipitation,  and  the  means  of  the  longer  or 
shorter  series  of  observations  were  entered  upon  twenty -foui*  maps  of  the  single 
States  or  Territories.  Other  data  in  connection  with  the  investigation  was  sup- 
plied as  called  for  by  the  Chief  Signal  Officer,  who  discussed  all  the  results  La  the 
preparation  of  his  report. 
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To  Lieut.  W.  A.  Glassford,  Sigrual  Cori)s,  was  intrusted  the  wriUng'  of  mooo- 
ffraphs  upon  the  climate  of  New  Mexico,  Arizona,  California,  and  Nevada,  three 
in  number,  which  were  submitted  to  Congfress,  and  have  been  iiublished  in  tho 
document  referred  to.  Beside  the  discussion  of  the  aueetion  of  irrigation  in  thi- 
divisions  under  consideration  as  dependent  on  rainfall,  a  prcscntatioii  was  made 
of  certain  climatic  phenomena  peculiar  to  the  region,  and  sufl^j^festions  were  of- 
fered looking  to  a  aolution  of  these  interesting  meteorological  problems.  Thus 
in  the  monograph  of  Arizona,  the  question  of  precipitation  as  influenced  by  ele- 
\*ation  was  pi*esented.  In  the  monograph  of  New  Mexico  further  consicieration 
was  given  to  this  topic,  and  from  the  discussion  aroseanex])Ositionof  the  theory 
of  the  duality  of  the  rainy  season  in  those  two  Territories  with  particulai*  i-efer- 
ence  to  the  temporalcs  or*'  shepherd^s  rains.'' 

Similarly,  in  the  monograph  of  California  and  Nevada,  the  opportunity  wan 
improved  to  examine  the  phenomena  of  the  wet  and  dry  sea&ons  of  the  Pacific 
coast,  and  to  present  an  explanation  thereof,  which  seems  to  harmonlzx)  all  ob- 
servations. 

It  is  not  <:launed  that  now  methods  have  been  advanced,  but  well-determined 
principles  have  been  carefully  applied  to  the  elements  of  the  pi'obleni,  deducing 
thei*ef  i*om  a  series  of  conclusions,  which  are  found  applicable,  not  only  to  all  the 
recurring  types  of  the  climate  of  that  State,  but  with  eqiuil  validity  to  interrup- 
tions of  tna^e  types  which  have  hitherto  been  held  anomalous. 

From  the  local  observations  was  deduced  an  orderly  arrangement  of  typical 
weather  forms,  these  were  closely  brought  into  correlation  with  the  continental 
typos,  and  from  this  particular  and  general  study  a  theory  has  been  drawn, 
which,  it  is  considerca,  will  be  found  in  great  part,  if  not  entirely,  the  basis  for 
future  climatic  study  of  that  interesting  region. 

With  the  completion  of  the  report  on  *' irrigation  and  water  storage  in  the 
arid  regions."  the  Signal  Service  has  put  forth  through  the  medium' of  special 
reports  to  either  branch  of  Congi*ess  rainfall  statistics  for  the  entire  coiratry  west 
of  tlie  Mississippi  River  except  Louisiana,  Arkans&s,  ^lissouri,  Iowa,  and  Minne- 
sota, and  tomperatui^e  data  for  the  same  rcgriou,  with  the  exception  of  the  States 
and  Territories  of  Louisiana,  Arkansas,  Missouri.  Iowa,  Minnesota,  North  and 
South  Dakota,  Montana,  Idaho.  Wyoming.  Kansasj  Indian  Territory,  and  Texas. 

SENSIBLE  TKMP£RATUHE. 

• 

{10)  With  intent  to  secure  materials  for  the  discussion  of  sensible  temperature, 
i*ecords  division  cireular  letter  No.  11  was  issued  August  27,  1890,  calling  for  re- 
]K)rt  on  the  montlily  average  reading  of  the  wet  and  dry  bulb  thermometers 
at  ^  p.  m.  and  the  monthly  average  reading  of  the  wet  and  dry  bulb  thermometers 
deduced  from  the  7  a.  in.,'  3  and  11p.m.  readings.  This  cireular  met  with  satis- 
factory res]X)nse,  and  a  considerable  volume  of  data  has  been  accumulated.  Un- 
der |)eVsonal  direction  of  the  re(,»oi'ds  officer  those  data  have  been  thoroughly 
collated  by  months  and  in  great  part  reduced  for  com{)arLson.  As  each  month  s 
records  have  been  I'educed  the  i*esults  have  been  entci'cd  upon  charts,  of  which 
six  out  of  the  necessary  thirteen  have  been  prepared.  The  discussion  of  the  in- 
teresting problem  thus  presented  has  been  unavoidably  postponed  by  the  press 
of  other  business  of  this  division. 

IJJDEX  OF  METEOROFjOOICAL  OliSERVATIOXS.  * 

(11)  In  the  last  annual  reiwrt  of  this  division  reiwrtwas  made  of  the  progress  in 
the  preparation  of  an  index  of  meteorological  observations  in  this  country.  This 
work  has  been  completed  during  the  year,  and  its  results  have  been  made  manifest 
in  the  publication  of  a  strictly  limited  edition,  sent  to  the  more  prominent  stations 
for  the  consultation  of  those  whom  it  may  conc^m.  The  volume  of  more  than 
vlOO  pages  forms  acluK^k  list  of  allobscu'vatitmsof  meteorological  phenomena  madfi 
in  each  of  the  United  States  from  the  earliest  times  of  which  record  has  been  xxre- 
served  in  the  office  of  the  Chief  Signal  Officer.  It  is  believed  that  no  seriee  of 
observations  has  escaped  scrutiny,  with  the  notable  exception  of  the  By8tem,the 
pioneer  of  all  government  work  in  this  science,  inaugurated  by  theCommisBibiier 
of  the  General  Land  Office,  of  which  the  iH?cords  have  never  received  scientific 
examination,  and  if  they  still  exist,  do  so  only  in  manuscript. 

T!ie  poirrces  upon  wliich  this  index  rests  are  several.  For  the  period  M>«i<itg 
with  1R73  reliance  has  been  placed  upon  the  printed  and  manuscript  reoOFdB<3 
ihe  Smith«)nian  Institution.  The  acTuracy  of  these  records  It  is  now  poasible 
to  cheek  liy  reference  to  the  original  reports  liled  in  thisdffioe  on  special  deposit, 
oif  else wheiti  noted.    From  1874  to  the  present,  the  chief  source  of  information 
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has  Ix'cn  the  itHnn-ils  of  vobiutAry  observers  of  the  Signal  Service.  Tlie  ivr'^")rds 
of  sovt'ral  oniei's  of  signal  stations  in  operation  since  1870  have  l>een  inelude<l. 
The  i»oi'»]ffM-ation  of  th<;  Surjifoon-Cxeuoral  of  the  Array  has  placed  in  the  ensiotly 
of  this  otticH'  the  lon^'^  and  valuable  series  of  observations  conducted  at  the  rsev- 
ei'al  niilitury  posts  for  noarlv  three-quarters  of  aoentury.  Therccordsof  the  vari- 
fni<  Staif  wi'ather  services  liavo  boon  thoroughly  canvassed  and  i^eorl)()rHt^^d  in 
tliis  list,  as  have  bueu  the  ivports  pi\"?served  by  the  Lijjht-Houso  Hoard,  by  tin.' 
otlicial  survey  Inuvaus,  by  the  Patient  Otllee,  and  by  several  railway  systems,  hi 
line,  it  may  b*?  said  that  all  authorities  have  been  searohed  for  contributions  of 
data  for  American  nieteorology.  and  in  "reneral,  as  the  search  has  bc*en  thorough, 
il  may  Ih>  said  tluit  few.  if  any!  observations  have  eseajKid  notice. 

The  index  ]>ivsents  tin*  geiigraphleal  constants  of  each])lace  at  which  ()bst*r\-a- 
tions  have  been  taken,  tin:  cUiss  to^\llil.'h  the  t?tation  belongs,  whether  volun- 
tary or  systematic,  the  length  of  record  with  including  dates,  and  the  cliarai'ter 
of  the  reports.  This  information  has  Ix^en  collected  under  States  xmd  Territories, 
which  have  been  alphal)eti» 'ally  arrangeil.  Witliin  tlie  States  tlie  stations  a!*i» 
groufH?d  geograjdiically  undertheir  respective  counties,  which  are  ari'angetl  for 
convenience  of  i^eferenee  in  tiers  across  the  State  from  west  to  east,  bd-ginning 
at  the  n(jrthwest  comer.  While  not  fa<.iUtating  reference  to  an^'jiarticular  en- 
try by  name,  it  is  lH?lieved  that  this  arrangement  will  1h^  found  etneient  in  mak- 
ing ready  reference  to  all  stations  in  any  given  nciirhborlmod. 

The  purpos*' of  this  index  will  1m*  subsi'i'ved  if  it.  affor-ds  students  of  climate 
n^liablc  knowleflge  of  tin;  material  available  fen*  tlieli*  examination.  The  value 
of  the  ind4.'X  will  by  no  means  be  confined  to  the  central  of1k»e:  it  will  also 
pivatly  aid  olwi^rvei's  in  charge  of  thi?  nnn-o  im])orta!ii  Signal  Service  stations  in 
their  cunvnt  work,  enabling  them  nnnlily  to  supply  ap})Ucants  for  elimatologi- 
cal  data  with  information  as  to  kind  and  extent  of  oi>sei* vat  ions  uf  iviwrd  foj'  all 
sections  of  the  country,  period  (.'ovi^red.  etc. :  but  at  best  it  is  somewhat  prelimi- 
nary and  tentative  in  nature.  To  obtain  the  b.-st  results  from  the  constantlv 
gi-owing  mass  of  records  it  will  In?  m»cessury  io  compilt*  topical  indexes  for  (^ac^i 
of  the  elements  r<.'Corded  on  the  usual  form  of  report.  When  this  iiaslieen  done 
the  ivsiMH'tive  values  of  the  several  sul>je(;ts  of  i-«.'port.  may  Ik*  examined  and  dis- 
cussed, and  the  importance  will  a])])ear  of  ]>i"eparinir  data  books  for  other  ele- 
ments similar  to  those  of  mean  monthly  tenipe rat ui-e  and  pre<ripitation  now  in 
daily  us<^  in  the  otlice.  Whil«?  it  is  yet  too  t-arly  to  atlvcn^te  the  prej>aration  of 
such  a  series  for  every  eleniiMit  <if  the  ri*])orts,  it  is  safe  to  say  that  a  great  advan- 
tapre  would  1k>  afforded  hy  comie.ling  the  reconled  maxima  and  minima  of  tem- 
jwrature.  The  ottice  hasabunilaiit  material  on  this  subject,  but  it  is  practically 
inaccessible  in  the  cumbrous  volunn/s  of  o^'iginal  ivcords. 

T AU .  Vn\  'f r   AND  T V I »■  PKXT I X 10. 

(12)  E(TortshavclHvncontLnuedt<»  secure  the  necessary  data  for  the  proper  study 
of  the  lx.'st  climatic  cimditions  foi*  I  lie  pi'oiluction  of  na\al  stoi-i's.  Attention  Iras 
l)ecn  particularly  diiV4.*ted  u}>on  the  tar.  ])it«-h.and  tur]H:«ntine  industri<.*s  of  North 
Cartel ina.  and  while  the  imme«|iat'- rtsults  are  small,  il  is  conii dent ly  exijec ted 
that  the  int<.»rest  aroused  will  h'a<l  to  tlelinite  unil  prai'tical  results. 

In  the  pn»secution  of  other  duties,  the  records  otticfr  has  impi'ovcd  the  oji- 
]Kn*tunity  to  make  scnne  ])ersoiuil  in>pi-etioM  of  thi>  region  uuiier  examination  and 
learn  the  i>eculiar  factors  which  (MUTi.'hiti-  this  industry  to  climatt*. 

i:ain'  c;av':k  stand. 

(I'J)  During  the  ynw  the  records  otlieer  lias  i-fCognl/.tMl  tiie  n»-e<Sf,ily  of  making 
provision  for  the  uniform  mounting  of  tlu^  M-rviee  rmin-gaug*'.  as  supplit-d  to  vol- 
untary observers.  The  nctrd  most  d»'rinir»-ly  iinKi-  in  eonneciion  with  the  exten- 
sion of  the  voluntarv  svstem  ou  th»>  tre«'li'-^  pl:iin-«of  the  West,  but  the  utilitv  of 
the  device  became  so  i)romptly  manifi'^t  a-'  tn  w:i!'?'a!it  itsi»xti  ii-ion  to  all  irauges 
to  be  Sent  out  in  future. 

Kefer«.Mice  to  the.  accomijaiiying  plate  will  >Imi\v  ihi-  jhtuils  of  tin*  ^land.  It  is 
designed,  in  the  first  ]»la<'e.  to  srrvf  us  a  luiekinu  l)i)X.iu  which  tlit-  uauge  7ua\ 
>)u  safely  t]*ansport«'d  to  its  iliMJna1i«»!i.  When  tin-  •raugf  has  b  m.-u  i-i-moved 
from  the  box.  tiie  lowi-r  ])ortion  of  ihf  U[>\  i*^  l»aHsi>t«'d  witli  slouf  or  earth  as 
liigh  up  88  the  ext.-nt  of  tlnopi.-n  cnni.Ts,  ami  ihet-nd  pieci*.  which  served  l«» 
close  the  box  in  transit,  is  slipjM-d  j^n>\  (l«»\\ri  to  the  ttipof  the  ballast  and  then* 
wrewcd  in  place,  as  indii-ated  by  thi*  hnio  air-.-july  hor.-d.  Thi»  lh»x  thus  altered 
Ib  (lartiAlly  Bunk  in  th^  gi'ound  Tf»  .-..a-h  an  i-Nti-n*  that  when  th-*  gauir-^  is  put  in 
place  its  bottom  shall  bo  as  nearly  us  pu&&ible  al  llie  level  oC  the  *ovl. 
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This  simple  device,  which  costs  little  more  than  any  box  in  which  to  pack  the 
g&uge  for  transportation,  is  efficient  in  securin^i;'  imiforraity  in  Elevation,  and.  to 
a  large  extent,  exposure  of  these  instruments.  Tojjether  with  the  thermometer- 
shelter  des(*ribed  in  the  last  annual  re])ort — plate  of  which  is  inserted  in  this — 
it  provides  an  inexpensive  rtui)port  for  the  volimtary  observers. 

GKNERAI^  SYNOPSIS  ON  MAPS. 

(14)  In  October  and  February,  notably  the  latter,  the  records  ottlcer,  then  taking 
his  tour  of  duty  a;*  forecast  oliirial,  instituted  the  systom  of  preparing:  a  general 
synopsis  for  each  map  in  popular  terms,  a  system  which  met  the  favor  of  the 
Chief  Signal  Officer.  This  stej)  was  taken  in  the  direction  of  bringing  the  fore- 
casts of  the  Service  more  directly  to  the  i)eople  who  have  never  received  the 
training  sufficient  to  enable  them  to  com])rehend  the  climatic  moaning  of  the 
isobars  and  isotherms  upon  the  daily  maj).  The  fundamental  proposition  of  thifl 
system  of  general  synopsis  was  to  trace,  in  pojjular  language,  the  movement  of 
each  storm  center  during  the  preceding  twenty-four  ho\irs,  and  to  draw  atten- 
tion to  the  extent  of  the  verification  of  the  last  predictions  by  such  movement, 
and  in  ease  the  storm  failed  to  travel  over  the  track  pre-announced,  to  indicate 
the  physical  causes  which  produced  the  divergence.  Having  thus  discussed  the 
last  day  s  movement  of  the  storm,  the  poi)ula?'  synopsis  indicated  its  prdbable 
movement  for  the  day  coming. 

It  was  felt  in  developing  this  system  that  the  numb^M*  of  ])c^ople  who  could  ap- 
preciate the  curves  upon  the  weather  map  was  few  comparatively,  but  that  all 
who  woidd  be  likely  to  look  at  the  daily  uiaj>s,  with  even  a  casuafglance,  would 
look  upon  such  a  storm  as  a  concrete  entity,  and  would  tind  interest  in  tracing 
its  course  and  justifying  by  their  own  sight  the  forecast  which  announced  that 
the  storm- would  reach  them  or  pass  bv  thorn. 

ft  was  during  the  last-named  month  that  the  shading  in  the  daily  weather 
maps,  showing  rain  and  temperature  changes,  was  introduced. 

HISTORY  OF  THE  SIGNAL  CORPS. 

(15)  The  ivcords  officer  was  designated  by  the  Chief  Signal  Officii*  to  pi*epare 
the  historical  sketch  of  the  Signal  Corps  requested  by  the  Military  Service  Insti- 
tution .  This  work  has  been  completed  during  the  year  and  is  now  in  the  printer's 
hands,  and  w^ill  shortly  appear  in  the  Journal  of  that  institution.  In  view  of  the 
fact  that  the  Journal,  being  a  private  publication,  may  not  reach  many  of  those 
at  home  and  abroad  who  are  interested  in  the  history  of  military  signalinpf  and 
telegraphy,  it  is  herewith  submitted  for  publication  in  your  report.  Permission 
to  do  so  is  given  by  the  Military  Service  Institution. 

In  the  pi-eparation  of  this  history  it  has  lx»en  necessarv  to  enter  upon  a  careful 
examination  of  the  records  of  the  office  fi-oin  the  earliest  period  of  the  war. 
This  examination  has  led  to  a  recognition  of  the  fact  that  many  of  the  original 
documents  have  been  lost.  Great  assistance  was  derived  from  tlie  voltmies  issued 
by  the  War  Records'  Office,  which  were  available  to  and  including  volume  60  of 
the  serial  numbering.  These  volumes,  containing  more  than  50,0(K)  pages,  were 
examined  page  bj'page  by  two  ])ers()ns.  and  a  card  index  was  prepai'ed  of  such  of 
their  contents  as  relates  to  signaling  and  the  Signal  Corps. 

The  third  source  of  material  was  found  in  the  {published  reports  of  the  office. 

The  index  to  the  portion  of  the  war  pc^»nod  of  the  (jorps  above  noted  was  in- 
tended to  be  submitted  for  publication  with  this  re})()!*t. 

SYNOPTICAL   SKETCH    OP  THE  PROGRESS    OF    METEOROLOriY  IN  THE  UNITED 

STATES. 

(16)  This  report  marking  the  close  of  tli<*  p.M'forniance  of  metoorological  duties 
by  the  Signal  Corps  of  the  Army,  it  has  st^eiued  a  i)ri>iJor  cHicasion  for  the  pi*e8enta- 
tion  of  a  brief  synopsis  of  the  i>rogrossof  ineteorolo?ry  in  the  United  States.  The 
following  pai>er  has  been  ])repai'ed,  not  a>i  an  exhaustive  history,  but  to  present 
in  a  summary  way  the  several  periods  of  tlu'  study  of  this  science  in  thiscountry, 
which  now  is  foremost  in  the  ])ractical  api>licatioii  of  meteorology,  and  to  show 
the  development  of  the  system  fromobscuie  beginnings  to  its  present  position  as 
a  highly  organized  department  of  the  (government. 

The  initial  point  of  meteoi'ology  as  a  physical  science  is  determined  by  the  in*  . 
vention  of  its  essential  instruments,  the  barometer  and  the  comparame  ther- 
mometer.   Before  these  discoveries  there  existed  only  desultory  obsei*vation  of 
the  weather,  unrecorded  save  in  the  folklore  of  unskilled  people,  available  for 
future  ^idance  only  as  weather  proverbs,  shepherds'  calendars,  and  the  like; 
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▼et  this  loose  and  fallacious  meteorology  took  such  a  strong  hold  upon  the  popu- 
lar mind  that  its  proverbs  still  remain  in  common  use,  and  its  irrational  predic- 
tions have  not  entirely  vanished  from  popular  almanacs.  The  study  of  the  weather 
was  not  only  popular  in  the  sense  that  it  was  a  favorite  pursuit  of  the  people,  but 
it  possessed  sumcient  inherent  interest  to  claim  the  attention  of  men  of  science 
as  soon  as  they  found  themselves  in  x)ossession  of  an  instrument  of  precision  with 
which  to  prosecute  their  researches. 

The  first  datum  point  was  Torricelli's  discovery  of  the  mercurial  barometer 
in  1645,  which  was  more  prominently  brought  to  notice  as  the  instrument  of  at- 
mospheric measurement  by  the  experiments  of  Pascal  in  1648.  The  suggestions 
made  by  Pascal  were  firat  exhaustively  put  into  practice  by  Boyle  tn  1659-'60, 
who  is  therefore  entitled  to  rank  as  the  first  student  of  scientific  meteorology. 
The  institution  of  the  Royal  Society  of  England  provided  a  permanent  record  of 
scientific  labor,  and  its  pnilosophical  transactions  from  the  beginning  contain 
many  notices  of  weather  study  by  the  aid  of  the  barometer.  As  early  as  1684 
Plot  and  Lister,  in  the  Philosophical  Transactions,  expressed  their  hope  of  utiliz- 
ing the  new  instrument  for  the  purpose  of  predicting  the  weather,  an  object 
which  dropped  from  sig^ht  during  a  long  succession  of  years. 

The  second  datum  point,  and  the  one  which  marked  the  full  establishment  of 
the  science,  was  the  general  distribution  in  1720  of  the  first  comparable  ther- 
mometer with  Roemer's  scale  which  bears  the  name  of  its  manufacturer,  Fahren- 
heit. Within  three  years  the  Royal  Society,  still  maintaining  its  activity  in  the 
prosecution  of  meteorological  research,  issued  to  the  world  Dr.  James  Jurin's 
scheme  of  an  association  for  forming  meteorological  diaries.  This  step  estab- 
lished meteorology  of  record,  and  Jurin  has  claim  to  be  regarded  as  the  father  of 
modern  statisticcd  meteorology.  Even  earlier  than  this  is  found  the  first  attempt 
at  meteorological  record  in  the  pre-instrumental  period.  Walter  Merle,  fellow 
of  Merton  CoUege  Oxon.,  England,  maintained  a  daily  record  of  the  weather  for 
the  seven  years  1337-44.  Quite  recently  this  record  has  been  brought  to  light  in 
the  Bodleian  library — ten  skins  of  vellum  written  upon  in  contracted  Latin.  It  is 
now  in  process  of  f  ac-simile  reproduction  and  translation,  interesting  to  the  curious 
as  the  earliest  muniment  of  the  science. 

These  labors  of  the  physicisti$  of  the  Royal  Society  possess  a  direct  and  intimate 
relation  to  the  meteorological  study  of  the  United  States.  One  of  Dr.  Jurin's 
circulai'S  found  its  way  to  Charleston,  S.  C,  whore  Dr.  Lining  in  1738  began  to 
maintain  a  record  of  temperature  and  precipitation,  which  he  reported  to  the 
Royal  Society.  American  interest  in  the  science  was  not  confined  to  mere  fol- 
lowing out  the  plans  of  the  English  investigators,  for  in  1728  Isaac  Greenwood, 
professor  of  mathematics  in  Harvard  College,  presented  a  form  for  meteorolog- 
ical observations  at  sea,  thus  by  more  than  a  century  anticipating  in  a  way  the 
efforts  of  Lieut.  Maury,  assigning  as  a  reason  for  his  suggested  plan  that  marine 
observations  "already  are  by  far  more  numerous  than  what  were  ever  made 
ashore,  or,  indeed,  what  cSn  be  expected  thence  for  some  ages  to  come." 

The  Charleston  observations  were  followed  by  several  other  series  of  greater 
or  less  extent  and  completeness  in  different  parts  of  the  country,  which,  slowly 
increasing  in  number,  prepared  the  way  for  the  systematic  collection  of  climatic 
data.  It  may  be  not  without  interest  to  present  a  list  of  these  precursors  of  the 
modern  system,  with  the  date  at  which  observations  began  : 

For  tompei-ature  :  For  temperature — Continued. 

Charleston,  S.  C 17:W  I          Doerfield.  Mass 1806 

C  'ambridge ,  Mass 1742            Ne wburvpor t.  Mass 1 806 

Philadelphia,  Pa 174S            XewOrleans,  La 1807 

Williamsburg.  Va 1700            l^ninswiek.  Me 1807 

Bradford,  Mass 1772            Ciistine.  Me _ 1811 

New  Haven.  Conn 177S  j          Xtnv  Bod  ford.  Mass 1812 

New  York 17S2  ■  For  pnM*ii)itation  : 

Salem.  Mass 17«<»            Clmrh^ston.  S.  C 1738 

Fort  Washington,  Ohio 171»0  :          Bradford.  Mass 1772 

Albany,N.Y. I7tr,  '          Williair.sburg,  Va: 1772 

Andover.  M;is?< 17iH  I          Cambridiro.  Mass 1784 

Natchez.  ?vl!-. 17!M)  j          Mon-isville,  Pa 1790 

Burlington.  Vi lS(a  .          Charleston,  Mass 1792 

Smithfield,  U.  I ISOC,             Stow,  Mass 17a") 

Cincinnati.  Ohio IHm            Natchez,  Miss 1700 

Mason.  N.  H ison            New  Haven,  Conn 1804 

Boston,Mass isfx;  ;          Monroe,  La.. 180S 

.     Concord,  Mass 1800  I         New  Bedford,  Mass 1814 
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These  )j>cveral  series  of  observations  wo  1*0  the  uut<;i'owth  of  private  intereai, 
which  often  flag'g^d  in  the  absence  of  any  rliroctin^r  indueuce:  they  were  irregulw 
in  moBt  cases;  they  were  printed  in  publications  not  genei*ally  accessible,  or  re- 
xoainlns:  in  manuscript,  we  1*0  exposed  to  the  catastrophes  which  await  written 
papers  not  preserved  as  public  re«oi\ls.  The  time  was  ripe  for  some  enthuaiast 
who,  b^  representing?  a  central  and  direct in«2f  agency,  should  keep  alive  the  in- 
terest m  meteoroloffical  record  and  secure  the  pivsorvation  of  the  results. 

This  enthusiast  came  forward  in  the  i^erson  of  Jo.siah  Meigs,  Commissioner  of 
the  General  Land  Office.  He  marks  the  dividing  line  between  the  vaffvie  efforts 
of  the.  observers  of  the  eighteenth  century  and  that  long  period  of  observation 
and  reeord  which  must  l)e  regarded  as  the  first  era  of  systematic  meteorology  in 
the  United  States. 

Meigs  was  a  man  well  equipped  for  the  purpose  which  he  set  before  himself  in 
the  administration  of  his  oQico.  Trained  in  the  rigid  discipline  of  the  Yale  Col- 
lege of  the  period,  he  served  that  institution  us  a  tutor  in  natural  philoeophy  and 
later  was  called  to  the  chair  of  the  Mime  dei^artment.  His  interest  in  meteorol- 
ogy was  displayed  during  his  residence  in  Bermuda  from  1789  to  1794,  during 
which  period  ho  made  ob.servations  on  the  luetcoi'ology  of  the  islands,  vrhioh  he 
commimicated  to  the  Royal  Society.  His  life  wa^  one  of  great  hardship  and 
poverty,  which  he  suffered  for  the  ix>ssession  of  )H)litical  convictions  unpckpular 
in  the  sm*roundings  where  his  lot  was  cast.  It  resulted  that  he  was  unable  to 
give  to  meteorology  that  administrative  att<>ntion  which  was  his  purpose  until 
his  appodntmeutto  theCommissionership  of  the  Genei'al  Land  OfKce  placed  him 
in  easy  circumstanoes  for  the  tirst  time  in  his  lift^ 

On  the  last  day  of  January,  1817,  he  wrote  an  influential  member  of  Congress 
suggesting  the  passage  of  a  i^osolution  to  provide  for  the  keeping  of  meteoro- 
logicflJ  registers  at  each  of  the  land  offices,  and  that  the  observations  should  be 
returned  each  mcmth  to  the  General  Land  Ollice.  His  plan  contemplated  tha 
issue  to  each  land  office  of  the  reci  uisite  instruments  for  observations  of  tempera* 
ture,  pressure,  rain,  and  wind.  Ho  failed  to  secuit)  the  sanction  of  Oongrefis, bat 
issued  a  circular,  Api*il  29, 1817,  in  which  he  asked  the  several  registers,  his 
subordinates,  to  take  regularly  certain  meteorological  observations,  for  which  be 
supplied  blank  forms.  Purely  voluntary  as  the  st>rviee  was,  and  without  any 
financial  support,  it  fell  somewhat  short  of  the  i)lan  suggested  to  Congress,  for 
barometers  were  both  rare  and  expensive.  The  blanks  wei'e  ruled  for  a  trtdaily 
observation  of  temi^erature,  wind,  and  weatUor,  topre titer  with  a  column  ol  re- 
marks of  a  general  and  phonological  character.  The  systom  attained  consider- 
able proportions  from  the  beginning,  but  itsouins  to  have  lapsed  on  the  death  of 
the  founaer,  in  1822.  The  records  have  never  been  collated  and  are  believed  to 
be  preserved  in  bulk  in  the  i>0!;sos8ion  of  tlic  American  Institute  of  New  Yoi'k. 
It  IS  of  interest  to  note  that  Meigs,  from  comparison  of  the  voluntary  reports 
sent  him,  was  able  to  recognize  the  area  of  several  co^d  waves,  even  though  the 
insufllciency  of  his  information  precluded  tlio  discovery  of  their  motion  in  pro- 
gi-ession. 

Thsnoxt  system  of  observations  was  established  by  tlu)  Surgeon-General  of  the 
Army,  and  has  beem  m^aintained  as  a  system  to  the  present  day,  although  subject 
to  various  modifications  as  the  (conditions  of  Hieteoi'olo<xical  study  were  altered. 
The  office  of  the  Surgeon-CJeneral  was  civated  in  J  SIS.  and  Dr.  Ixn'ell  was  at  once 
aj))>ointod.  His  tirst  instructions  to  hospital  and  ])()ht.  surj^eons  directed  them  to 
keep  a  diary  of  the  weather.  The  eai'li<*st  iVL'^istt-rs  filed  inuler  this  system  begin 
with  January,  1819.  For  the  lirst  few  years  tlie  only  instruments  furnished  were 
the  thf^rniometer  and  the  wind  vane.  In  iS'Jtl  thi^  ruin  {,'auge  was  added  to  the 
equipment,  and  in  1841  l)ammeters  and  hy^jronu'tins  were  sup])lied  to  a  few  sta- 
tions by  way  of  experiment.  In  lS4.'i  a  new  and  more  complete  system  was  ]nit 
in  operation,  and  tne  military  po.sts  and  hospitals  were  called  upon  to  maintain 
a  record  of  observaticmsof  tlie  barometer,  atta^lied  thermometer,  detached  ther- 
mometer, rain  gauge,  wet-bulb  thermomi?ter,  an<l  if)  nnte  the  clearness  of  the  sky, 
the  direction  and  force  of  the  wind,  and  thedireeliun  and  velocity  of  cloud  move- 
ments. The  obsiH'vat  ions  of  the  wet-bulb  tluTiJiunuK'r  were  disc^uitinuedin  1849 
and  icencwcd  in  1^53  with  a  better  instrumenl .  Tlu-  oHii-e  transcrii)tsof  the  origi- 
nal ivturnaof  the  observin;?  sunJi-t'ons  have  lK*en  transfrrreil  to  the  Signal  Serv- 
ice, wh<M-»i  they  uf-c  now  pr«.'servi.'d.  The  hu'u'iT  ])urli()n  vi  tlie^e  rejwrts  also  ex- 
ists in  printed  form.  The  results  of  lli»^  olx^ei-vMiiojis  diirini,^  1S2<)  and  1821  were 
publislied  at  tlie  end  of  each  year.  Thenafter  liu?  n-swlts  wej*e  groui>ed  by  con- 
veni*»nt  i>eriods  in  the  Army  MeteoroloLfieal  ili^^iisti.r.  of  which  the  f1r.st  volume, 
published  in  182*), contained  tlu*  observations  for  the  years  1S22  to  1820, inclusive ; 
the  second  volume,  issued  in  1840,  contained  the  results  for  the  yeai's  1826  to  18«^, 
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and  in  an  appendix  reprinted  the  fii*i>t  volume;  in  1851  the  third  voiuine 
issued,  with  tne  tiJbulated  observations  fi-om  1830  to  1842«  and  in  1855  the  lourth 
vol  ume  carried  the  tables  from  1813  to  the  end  of  1854 .  This  was  the  final  meteoro- 
logical publication  of  tho  3ui^reon-General*s  Office.  The  records  after  1854  were 
handed  over  to  the  Smithsonian  Institution,  and  in  due  time  were  transferred  to 
the  Signal  Service. 

Within  a  few  years  the  subject^  which  was  too  unimportant  for  Congress  to  con< 
t^Ldcr  in  1817,  had  attained  a  recognized  position  as  entitled  to  pubiio  support. 
In  1825,  but  eight  years  after  Meies's  ineffectual  plea,  the  University  regents  of 
New  York  directed  that  each  of  the  academies  under  their  jurisdictioii  should 
be  furnished  with  a  thermometer  and  a  rain  gauge,  and  that  the  diligent  report 
of  observations  should  be  an  essential  condition  of  their  receipt  of  State  funds. 
F\irther  instructions  from  time  to  time  directed  obeervations  of  the  wind  and  a 
varie  w  of  miscellaneous  occurrences,  considerable  attention  being  directed  upon 
phonological  phenomena.  The  observations  began  in  1826  and  were  continued 
more  or  less  completely  to  1850.  During  this  period  sixty-two  academies  reported 
observations,  of  which  three  were  complete  for  the  whole  term,  and  only  three 
failed  to  record  the  precipitation.  In  1m9  the  legislature  made  an  appropriation 
for  the  purchase  of  improved  instruments  in  order  to  conform  the  State  system 
of  observations  with  the  more  comprehensive  system  recently  instituted  by  the 
Smithsonian  Institution ;  a  small  sum  was  appropriated  for  salary  of  observers. 
The  instruments  provided  by  this  appropriation  were  a  mountain  barometer, 
thermometer,  rain  and  snow  gauge,  wind  vane,  and  to  a  few  stations  wet  and  dry 
bulb  thermometers.  The  system  came  into  operation  at  the  end  of  1850,  wd 
thirty-five  academies  began  the  observations.  From  the  first  the  humidi^  ob- 
servations were  a  failure,  owing  to  confusion  of  reduction  tables  and  thermome- 
trio  scales.  In  1863  the  legislature  failed  to  make  the  smadl  salary  appropriation, 
Mid  from  that  time  the  sj'stem  rapidly  declined,  both  from  that  cause  and  from 
the  greater  weight  of  the  Smithsonian  observations  covering  the  same  g^round. 
The  reports  of  these  observations  were  published  in  the  annual  reports  of  the 
regents  from  1826  onwwrd.  In  1855  the  observations  from  1826  to  18o0  were  col- 
lated and  published,  and  in  1872  apx)cared  a  similar  collation  of  the  second  t^tem 
of  observations,  from  1850  to  186^'^ 

Pennsylvania  was  the  next  to  feel  tho  Influonce  of  the  new  study.  In  1831  was 
formed  ajoint  meteorological  committee  of  the  American  Philosophical  Society 
and  the  Franklin  Institute,  of  'which  James  P.  Espy  was  chairman  and  A.  D. 
Bache  a  leading  member.  A  circular  was  issued  by  the  joint  committee  in  the 
same  year  giving  directions  to  observers.  At  this  ])eriod  less  attention  wa&  paid 
to  securing  continuous  record  than  to  gathering  information  concerning  indi- 
vidual storms  which  had  attracted  tho  attention  of  the  committee.  Something 
was  accomplished  by  this  method,  but  it  was  evidently  not  the  method  for  svs- 
tematic  research.  In  1837,  however,  tho  legislature  appropriated  $4,000  for  tne 
advancement  of  meteorology  and  intrusted  its  expenditure  to  tho  joint  commit- 
tee. Out  of  these  funds  there  were  authorized  to  be  purchased  for  each  county 
in  the  State  a  barometer,  two  common  thcrmometei*s,  a  self-i*egistering  ther- 
mometer, and  a  rain  gauge.  This  State  grant  in  aid  established  in  tho  year 
1K39,  when  it  became  available,  22  stations  maintaiuinfj  a  record  of  temperature. 
to  which  6  were  added  in  the  yoare  next,  following ;  the  stations  i-ocording  piv- 
cipitation  under  this  system  wei*©  but  7.  Most  of  the  records  wore  brief  and 
many  were  irregularly  intorruptod ;  tho  system  died  out  in  less  tlian  ton  yoai*s, 
and  it«  records  found  a  permanent  plac<)  in  the  publications  of  the  two  societies 
which  joined  in  the  committee  of  adminlHtration. 

The  Secretary  of  War  in  18.39  solicited  from  J.  N.  Xioollet  an  e:$say  on  luetoor- 
ological  observations.  This  was  published  by  tho  War  Department  early  in  the 
samo  year  as  a  circular  of  the  Buwau  of  Topographical  Kngineei-s. 

The  prefatory  noto  stated  that  the  essay  had  been  printed  for  dibtributLon  to 
those  officers  whose  duty  it  might  bo  to  make  observations  on  tho  phenomena 
of  which  it  treats,  and  for  tho  Ix'nciit  of  others  whose  tastes  and  situations  might 
induce  them  voluntarily  to  aid  tho  cause  of  science  and  the  useful  arts.  It  was 
■oted  that  the  observations  made  by  officers  of  the  corps  wore  to  bo  forwarded 
regularly,  and  that  those  mado  by  voluntary  observers  would  bo  ivoeived  with 
pleasure.  IKvspito  this  promise  of  met«>orolo(jrieal  activity  nothing  seems  to  have 
been  done  by  tho  engineers  for  almost  twenty  yeai-s.  This  corps  began  the  survey 
of  tho  noruiem  and  northwestern  lakes  in  1S41,  but  meteorological  ol>scrva- 
tion  in  connection  therewith  i"c<^eived  littl<!'  oonsidcrationat  lirst.  In  1857  Capt. 
George  G.  Meade  in  his  i-ej^^rt  i-et^jminended  the  observation  of  meteoi-ological 
phenomena  over  the  whole  lake  rejjlon.    This  recommendation  was  approved 
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and  instruments  were  ordered  insufficient  quantity  to  equip  each  station  with 
a  barometer,  thermometer,  psychrometer,  rain  and  wind  gauge.  Three  stations 
were  established  on  Lake  Ontario,  4  on  Lake  Erie,  5  on  Lake  Huron,  3  on  Lake 
Michigan,  and  4  on  Lake  Superior.  The  observations  began  July  1,  1859,  and 
were  recorded  and  in  some  instances  discussed  in  the  annual  reports  of  the  Sur- 
vey. As  a  result  of  an  agreement  with  the  Signal  Service  the  series  ended  in 
1872  as  a  duty  of  the  Engmeer  Corps,  with  the  exception  of  three  stations  which 
were  kept  in  operation  to  1876. 

In  the  introduction  to  the  last  volume  of  the  Army  Meteorological  Reg^ter 
the  statement  is  made  that  Ohio  instituted  a  State  system  of  weather  ob^rva- 
tion  in  1842.  No  further  information  is  to  be  foimd  as  to  the  action  of  the  State 
government,  if  any;  but  the  statement  finds  a  certain  amount  of  confirmation  in 
the  fact  that  in  1843  five  stations  of  observation  were  inaugurated  in  the  State. 
Since  very  few  stations  had  been  opened  prior  to  that  date  and  at  no  period  so 
many  in  one  year,  a  certain  preconcert  is  evident. 

The  Patent  Office  was  the  next  department  of  Government  to  manifest  inter- 
est in  the  recording  of  climatic  phenomena.  The  seeming  inconsistency  of  this 
with  the  more  legitimate  objects  of  the  office  disappears  when  it  is  remembered 
that  at  that  time  agriculture  formed  a  division  of  the  Patent  Office.  In  the  early 
reports  of  this  office  occur  brief  memoranda  of  notable  weather  phenomena  which 
exerted  a  greater  or  less  influence  upon  the  crops  then  under  investigation. 
Year  by  year  these  memoranda  became  fuller,  and  in  1847  they  took  tJie  form  of 
tabulated,  data  for  one  or  more  years  from  different  stations,  in  1854  this  series 
of  reports  contained  BlodgetVs  essay  on  the  **  Agricultural  Climatology  of  the 
United  States;''  from  1855  to  1859,  inclusive,  they  contained,  in  five  annual  install- 
ments, Joseph  Henry's  contribution  entitled  *'*  Meteorology  in  its  Ck)nnection 
with  Agriculture."  In  1860  the  Ck)mmissionor  of  Patents  sent  to  the  Senate  a 
volume  of  results  of  meteorological  observations  made  under  the  direction  of  the 
Patent  Office  and  the  Smithsonian  Institution  for  the  years  1854-'59,  inclusive. 

In  1849  the  State  of  Massachusetts  inaugurated  a  series  of  observations  under 
State  direction,  which  in  the  next  year  was  merged  in  the  Smithsonian  system. 

The  Smithsonian  Institution  in  1849  be^an  its  great  work  in  the  field  of  Amer- 
ican meteorology  along  several  parallel  hues  of  research, which  appear  topically 
as  record  of  observations,  publication  of  material  aids  to  meteorological  study, 
and  forecast  of  approaching  weather  conditions.  As  a  bureau  of  record  the  In- 
stitution, under  the  direction  of  Joseph  Henry,  gathered  up  from  all  sources  past 
records  of  observations,  assisted  the  few  systems  of  observations  then  in  exist- 
ence, and  instituted  its  own  system  throughout  the  country.  Before  this  Ume 
the  records,  if  published  at  all,  appeared  in  most  cases  without  corrections  or  re- 
ductions, and  very  rarely  were  they  discussed.  But  the  Smithsonian  was  in  a 
better  position  than  any  other  organization  to  give  the  rapidly  accumulating  data 
scientific  treatment,  and  for  that  i*eason  the  data  of  other  systems  were  at  first 
sent  to  the  Institution  for  examination,  as  was  the  case  with  the  Patent  Office 
.series,  and  by  natural  growth  the  individuality  of  the  several  independent  series 
was,  for  greater  convenience,  merged  in  the  Smithsonian.  Thus  it  came  about 
that  in  1870  this  great  Institution  controlled  all  the  meteorological  records  of  the 
country. 

Next  in  order  of  time,  the  Signal  S3rvice,in  its  capacity  as  a  depository  of  rec- 
ords, should  be  mentioned,  but  as  its  meteorological  duties  were  expressly  under- 
taken to  facilitate  weather  predictions,  its  consideration  will  be  deferred  until 
it  naturally  arises  in  that  branch  of  the  inquiry. 

There  yet  I'emains  one  other  series  ot  records  to  examine — those  maintained 
by  the  Coast  Survey.  It  has  already  been  shown  that  Bach^  was  a  leading  and 
enthusiastic  member  of  the  joint  committee  which  instituted  the  Pennsylvanian 
system  of  observations.  That  interest  he  infused  into  the  Survey  of  which  he  was 
chief,  and  the  results,  though  not  voluminous,  are  valuable.  In  the  annual  re- 
ports of  this  Survey  there  appeared,  in  three  parts,  Ferrers  ^^  Meteorological  Re- 
searches for  the  Use  of  the  Coast  Pilot ; "  in  the  report  for  1875,  Appendix  20,  **  On 
the  Mechanics  and  General  Motions  of  the  Atmosphere ; "  in  the  report  for  1878, 
Appendix  10,  **  On  Cyclones,  Tornadoes,  and  Waterspouts ; "  in  the  report  for  1881, 
Appendix  10,  "  Barometric  Hypsometry,  and  the  Reduction  of  the  Barometer  tc 
Sea  Level."  The  Survey's  Pacific  Coast  Pilot  contained,  in  1879,  an  appendix  in 
which  Dr.  William  H.  Dall  collated  and  reduced  all  meteorological  observations 
which  had  been  made  from  the  earliest  times  in  Alaska  and  the  Bering  Sea  re- 
gion, subjoining  to  the  tabulated  data  some  discussion  of  the  phenomena  noticed. 
The  publication  is  a  most  important  contribution  to  the  knowledge  of  this  remote 
district  of  the  country. 
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In  passinfif  to  the  second  c^reat  period  of  American  meteorology,  that  in  which 
the  skilled  lahora  of  the  makers  of  verifiablo  forecasts  have  developed  practical 
utility  out  of  the  mass  of  accumulated  data,  it  is  of  interest  to  remark  that  this 
latest  development  of  modern  meteoroloffy  was  the  very  first  aim  of  the  first 
students  of  the  aspect  of  the  sky.  The  folk  proverbs  are  full  of  predictions  of 
what  the  weather  is  to  be.  No  more  than  forty  vears  from  the  invention  of  the 
barometer  the  Royal  Society  was  informed  in  1685  of  the  pitch  of  knowledge  to 
which  the  learned  Dr.  Goad,  of  London,  had  arrived  in  predicting  the  weather. 
At  the  same  time  it  was  recognized  that  the  results  of  observations  were  an  es- 
sent^'al  preliminary,  and  for  two  centuries  the  study  of  the  weather  was  narrowly 
restricted  to  record  and  the  preservation  of  materials  for  study. 

While  systematic  meteorology  under  State  aid  confined  itself  most  strictly  to 
the  sphere  of  preserving  a  record  of  observations,  private  investigation  under- 
took the  study  of  the  physics  of  the  weather  with  particular  reference  to  the  law  of 
storms.  Franklin  seems  to  have  Led  this  line  of  research,  for  he  is  on  record  in 
1747  as  having  deduced  from  such  observations  as  were  available  the  fact  that 
the  northeast  stoi'ms  were  generated  in  the  southwest.  But  it  was  not  until  the 
fourth  decade  of  this  century  that  the  formative  period  of  American  meteor- 
ology may  be  said  to  have  begun. 

William  C.  Redfield  was  the  first  in  the  field.  In  18.31  he  published  his  con- 
clusions that  a  storm  was  a  great  whirlwind  rotating  from  ri^ht  to  left  about  an 
advancing  center.  In  1846  he  was  the  first  to  appreciate  the  position  of  cold 
waves  in  reference  to  advancing  storm  centers. 

James  P.  Espy  was  contemporary  with  Redfield.  He  has  been  mentioned  al- 
ready as  chairman  in  1834  of  the  jomt  committee  which  instituted  Pennsylvanian 
meteoi'ology.  The  recognition  of  his  theory,  which  failed  in  this  country,  he 
secui-ed  abroad  by  his  paper  '*On  Storms,"  read  before  the  British  Association 
in  16^.  The  conclusions  at  which  he  finally  arrived  were  that  storms  sweep 
across  the  country  from  west  to  east ;  that  they  possess  a  medial  axis  of  low  pres- 
sure, generally  extending  north  and  south,  with  the  central  minimum  on  the  mid- 
dle of  the  axis;  that  the  winds  flow  toward  the  axis  from  either  side,  with  a  ten- 
dency toward  the  center. 

Charles  Tracy,  in  1843,  examined  the  conflict  then  at  its  height  between  Red- 
field  and  Espy.  Although  Tracy's  pax>er  "  On  the  Rotary  Action  of  Storms  "  was 
his  single  contribution  to  meteorology,  it  deserves  high  place  because  it  antici- 
pated many  of  the  best  results  of  later  investigators. 

William  Ferrel,  since  professor  of  meteorology  in  the  Signal  Service,  was  the 
first  to  apply  mathematical  methods  to  the  solution  of  meteorological  problems, 
in  which  he  has  covered  the  whole  range  of  mathematical  and  physical  meteor- 
ology with  the  sole  exception  of  electricity.  His  explanation  of  the  general 
planetary  circulation  of  the  winds  is  considered  his  greatest  discovery,  and  this 
Newton  of  meteorology  has  imtil  lately  been  connected  with  the  Army  Signal 
Office. 

James  Henry  Coffin  is  first  recorded  in  meteorology  as  one  of  the  observers  of 
the  academic  system  of  the  New  York  regents  in  1839.  At  a  later  period  he  re- 
duced the  observations  which  were  published  in  the  great  volume  of  the  Patent 
Office  in  1861.    His  great  work  is  the  treatise  on  the  winds. 

Ellas  Loomis  was  a  student  at  Yale  when  Redfield's  first  paper  appeared.  Ho 
held  a  tutorship  in  the  same  college  when  Espy  propounded  his  rival  theory. 
The  consequent  discussions  he  followed  with  characteristically  grave  interest, 
and  from  that  time  to  the  last  day  of  his  life  meteorology  held  the  first  place  in 
his  thought  and  work.  In  addition  to  the  preparation  of  the  standard  text  book 
of  meteorology  and  the  valuable  series  of  contributions,  ho  was  the  first  to  form 
the  weather  maps  now  so  common.  It  was  in  1842  that  the  first  map  appeared 
with  lines  of  equal  pressure  and  temperature,  wind  direction,  and  areas  of  pre- 
cipitation. 

The  telegraph  transformed  meteorology,  made  it  possible  to  make  daily  test  of 
the  theories  advanced  by  these  physical  investigators,  and  created  the  science 
of  forecasting,  which  from  the  earliest  times  had  been  the  aim  of  all  weather 
watchers. 

The  first  to  recognize  the  great  field  of  praotical  work  just  opening  was  Lieut. 
Maury,  of  the  National  Observatory.  He  was  no  novice  in  meteorological  ro- 
Hoarch.  In  1833  he  had  examined  into  the  caiisation  of  the  prevalent  low  ba- 
rometer off  Cai)e  Horn :  in  1840  he  announced  his  intention  to  study  the  storms 
and  winds,  and  there  api>eared  soon  after  his  Physical  (icography  of  the  Sea  and 
its  Meteorology,  while  his  services  to  navigation  by  the  wind  and  current  charta 
never  be  too  highly  estimated.    In  1831  he  originated  the  plan  cl  what  he 
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named  farmors"  mcti*orolo<yy,  on  the  plan  of  his  hydroffi-aphic  logs,  by  enlisting 
tho  service  of  fanners?  thr6ii<rhout  the  country  to*roi>ort  weathei'  observations. 

Two  years  later  he  assembled  a  met^^orologieal  conj:jres8of  maritime  nations  at 
Brussels,  and  recommended  the  institution  of  a  coordinated  series  of  interna- 
tional olxservations  ])y  land  and  sea.  In  1800  he  addressed  many  agricultural  so- 
cieties of  the  South  and  Weston  this  topic,  and  urped  them  to  mcniorialize  Con- 
prress  to  establish  a  central  oflicc  Avhere  weather  rejiorts  might  be  digestcnl  and 
tele;;,a-aphed  to  all  i)art.s  of  the  country,  warning  fai-mers  of  the  appi'oaeh  of  storms 
and  frosts.  Several  bills  looking  toward  the  mjcompUshment  of  this  end  were 
presented  in  Congress  in  the  session  of  1857,  and  favorably  mentioned  bv  the  Sen- 
ate Committee  on  Asrriculture  in  an  exhaustive  report  bv  Mr.  Uarlan,  December 
IS.  185()  (Senate  Rep." Com.  No.  2i)2,  Thirty-fourth  Congress,  third  session).  Other 
influences  prevailed,  the  bill  failed  to  pass,  and  before  Lieut.  Maury  could  secure 
the  establishment  of  his  system  the  nation  had  passed  into  the  turmoil  of  a  civil 
war. 

The  Smithsonian  Institution- early  recognized  the  possibilities  of  the  telegraph, 
and  in  l>^oij  it  made  in*actical  application  "of  the  simultaneous  iveather  reports  re- 
ceived by  wire,  and  maintained  a  daily  weather  map  at  the  Institution.  The 
tirst  attempt  at  published  ])rediction  seems  to  have  been  in  1858;  it  is  found  in 
Prof.  Henry's  statement  to  the  American  Academy  that  when  the  map  showed 
rain  at  Cincinnati  in  the  morning  it  Avas  considered' an  indication  of  rain  at  Wash- 
ington in  the  evening  suflicicntly  trustworthy  to  warrant  postjwning  the  lectures 
at  the  Institution.  The  Avar  interfered  with  the  development  of  the  plans  of 
Prof.  Henry,  and  when  ho  was  about  to  I'csumo  in  18fi5  the  disastrous  fire  arthe 
Institution  crippled  the  resources  at  his  command. 

The  idea  thus  l^y  unfortunate  circumstances  forced  into  neglect  was  revived  by 
Prof.  Cleveland  Ablie,  since  and  now  professor  of  meteorology,  Signal  Service,  at 
that  time  director  of  the  Cincinnati  ooservatory.  In  1868  he  succeeded  in  inter- 
esting the  (ihamber  of  Commerce  of  that  city  in  the  project  of  daily  predictions 
of  the  weather,  and  under  its  auspices  began  to  issue  the  **  Weather  Bulletin  of 
the  Cincinnati  obsc-rvatory,"  which  last<fd  from  Septembei',  18C9,  to  Januarj% 
1871,  when  he  was  summoned  to  Washington  to  assist  in  the  formation  of  the 
forecasting  service  recently  assigned  to  the  Signal  Corps. 

Here  l>^gin3  the  long  period  in  which  American  systematic  meteorology  has 
IxMm  embodied  in  tlie  Signal  Service. 

The  initial  impulse  which  led  the  Federal  Government  to  assume  this  work  of 
publi(5  utility  Avas  given  by  Di*.  Increase  A.  Tjai)ham,  of  Milwaukee.  Having  had 
ills  attention  i)articularly  directed  to  the  destructive  gales  of  Lake  Michigan,  he 
had  studied  the  early  movements  of  the  storm  centei*s  with  the  result  that  ho 
convinced  himself  of  the  feasibility  of  predicting  their  oncominjr  to  the  great 
benellt  of  lake  navigation.  In  ISO'.)  ho  was  able  to  convince  the  National  Board 
of  Ti'ade  of  the  value  of  his  suggestion,  and  in  December  of  the  same  year  he  ad- 
drossoil  a  memorial  to  Gen.  Halbert  Vl.  Paine,  memlx.'r  of  Congi'css  for  Milwau- 
kee, Sitting  fortli  the  possibilities  of  the  plan  and  confirming  its  commercial  im- 
portance l)y  a  list  of  1,914  lake  disasters  caused  by  sudden  and  unannounced 
storisis.  Gi-n.  Paine  introduced  a  resolution  embodying  these  suggestions,  De- 
cember 10, 1809,  and  secured  the  favorable  indoi'sement  of  the  three  great  au- 
thorities on  meteorology,  the  Sui'geon-General  of  the  Armv«  the  Secretary  of  the 
Smithsonian  Institution,  and  I'rof.  KliasLoomis,  and  in  addition  the  assurance  of 
General  ^lyer,  Chief  Signal  Oflicer,  that  it  was  quite  possible  to  report  and  fore- 
announce  storms  by  telegraph  and  signal.  The  resolution  wiis  passed  and  ap- 
jiroved  February  0,  ls70,  and  thus  wivs  created  the  Meteorological  H'.ircauof  the 
Signal  Corj)s. 

Till'  new  scrviiMi  wtMit  into  o))eration  N«)v«>mher  1,  1^70,  with  stations  fully  es- 
tablislu'd,  a?i(l  has  l)een  maintained  without  intcrru])tion.  Dr.  Lapham  was 
callrd  in  frequent  consultation  with  General  Myt^r  in  t-stablishing  the  novel 
sys^/m  and  was  prr^rstHl  to  take  the  position  of  senior  civil  assistant,  but  he  felt 
)hy.-<ically  unabb*  to  undertake  the  arduous  duties,  and  the  position  was  tilled  by 
lis  fiirnd  an«l  e()n'rsp«)ndent  Prof.  Abbe. 

it  is  se»'u  tliat  ih<'  ])ur])o^e  of  the  Weather  i5ur«-iiu  of  th«i  Signal  Service  as  origi- 
nally drtined  was  tli<' warning  of  str)i-nis  u])(»n  thf  northern  lakes  and  eastern 
sealK)ard.  J>y  a  natural  extiinsion  it  b-canie  a  bureau  of  record  as  Avell,  for  the 
rr])()r1s  of  itsspi'cial  ohserv«n's  were  Hied  in  the  central  office.  In  1872  and  again 
in  1^7'{  its  s(M)po  was  <ri>nsidi*ral)ly  iner«'as»»d  In*  a<'ts  of  (""ongi'css,  and  in  the  latter 
yi'Ui'  was  iiistiTutcd  tin*  publieiition  of  t]u»  Monthly  Weather  lleview  which  was 
iho  lirat  attempt  in  this  countiy  to  ])resent  meteorological  data  to  the  general  atr 
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tontion  of  studentB  with  the  least  interval  after  the  occurrence  of  the  phenomena 
discussed.  In  1874  the  new  Bureau  had  given  such  satisfactory  pi'oof  of  its  suc- 
cess and  such  promise  of  its  permanence  that  the  Smithsonian  Institution  trans- 
ferred to  it  all  the  material  collected  in  a  long  scries  of  years  under  that  system. 
From  that  time  the  Signal  Service,  in  addition  to  its  forcasting  functions,  has  de- 
veloped into  the  most  comprehensive  bureau  of  record.  Its  well-ordered  files 
contain  almost  the  ontii*e  mass  of  observations  taken  from  the  earliest  times,  and 
additions  arc  constant  I  v  made. 

The  sources  of  supply  are  the  following:  Observations  made  with  the  most 
accurate  instruments  at  the  regular  stations  of  the  Signal  Service;  observations 
of  the  ix)st-hospital  system,  made  by  order  of  the  Surgeon-General;  observations 
of  the  voluntary  system.  The  Signal  Service  obsin'vers  send  the  more  important 
observations  to  the  central  office  by  telegraph  for  use  in  preparation  of  the  daily 
weather  maps;  the  full  records  are  filed  monthly  and  form  the  basis  of  the  dis- 
cussion of  finer  points  in  meteorology.  The  post  hospitals  and  the  voluntary 
observers  make  monthly  reports  of  tJemperature  and  precipitation.  Contribu- 
tions to  oceanic  meteorology  in  connection  with  the  international  sj^stem  of  ob- 
servations are  made  by  a  considerable  number  of  masters  of  American  vessels. 
Of  all  these  sources  of  meteorological  material  the  greater  increase  has  been 
made  in  the  lists  of  voluntary  observers.  Their  equipment  consists  of  a  maxi- 
mum and  minimum  thermometer  arid  rain  gauge,  which  are  supplied  on  a  per- 
sonal bond.  A  largo  section  of  this  system  is  due  to  the  efforts  of  several  rail- 
ways which  maintain  observations  for  tljis  service  at  many  of  their  stations;  this 
is  particularly  the  case  in  the  West.  But  by  far  the  larger  number  of  the  vol- 
untary olMMsrvers  are  to  be  found  on  Avell-kept  farms,  distributed  as  evenly  as 
possible  throughout  the  country,  and  in  the  smaller  cities  wherever  is  found  any 
l^erson  who  feels  interest  in  this  line  of  research.  The  growth  of  the  system  is 
well  illustrated  by  its  extent  at  several  periods  in  the  history  of  the  Service.  In 
no  one  particular  is  the  development  of  the  meteorological  service  better  exhib- 
ited than  in  the  system  which  has  secured  the  voluntary  cooperation  of  the  i)eo- 
plo.  It  has  been  within  the  power  of  the  Signal  Service  to  establish  and  main- 
tain a  considerable  number  of  stations  of  observation,  but  in  comparison  with  the 
great  extent  of  country  this  number  is  small.  In  the  spaces,  always  of  gi*eat 
extent,  between  adjacent  signal  stations  reliance  has  been  placed  upon  those 
observers  who  earnestly  record  their  observations  of  local  climate,  and  who  have 
always  generously  forwarded  their  records  to  this  office  and  found  satisfaction  for 
their  pains  in  the  knowledge  that  they  have  rendered  an  important  contribution 
to  the  proper  study  of  the  weather. 

At  the  time  the  Signal  Corps  was  installed  in  the  ][>erformance  of  metoorogical 
functions  the  Smithsonian  Institution  was  maintaining  a  system  of  voluntary  ob- 
Borvei-s,  w^hich  was  soon  after  transferred  to  the  Signal  Corps.  In  1870  the  Smith- 
sonian received  reports  from  492  such  observers,  and  the  Surgeon-General  of  the 
Army  received  metoorogical  records  from  102  military  posts.  The  value  of  this 
cooperation  was  not  immediately  recognized  in  the  first  plans  for  extending  the 
scope  of  the  bureau,  in  fact  its  value  was  so  little  appreciated  during  two  admin- 
istrations of  the  corps  that  slight  effort,  if  any,  was  made  to  maintain  its  efficiency 
and  no  effort  at  all  was  made  to  extend  it.  At  the  end  of  Gen.  Myer^s  adminis- 
tration the  voluntary  system  had  fallen  off  to  just  half  its  former  proportions;  in 
July,  1880,  there  were  but  245  voluntary  observers  and  the  post  surgeons'  reports 
amount<}d  to  no  more  than  65,  showing  almost  the  same  proportion  of  falling  off 
as  the  volunteer  system.  Shortly  after  the  end  of  Gen.  Hazen's  administration, 
in  July,  1887,  there  were  295  voluntary  observers,  23  stations  of  State  weather 
services,  and  60  reports  frem  post  hospitals,  a  slight  decline  in  the  Surgeon-Gen- 
eral's system,  and  an  increase  in  the  volunteer  system  of  no  more  than  73  as  the 
result  of  seven  years  application. 

During  the  four  years  just  ended  the  value  of  this  service  has  boon  recognized 
as  never  before  and  the  system  has  been  carried  to  an  extent  and  brought  to  a 
perfection  which  are  the  admiration  of  other  meteorological  bureaus.  The  tab- 
ular view  which  appi^ars  in  this  report  will  show  how  the  system  has  been  ex- 
tended during  the  past  year:  the  sums  alone  are  here  presented  in  record  of  but 
four  years  of  steady  application. 

In  seventeen  years  the  number  of  reporting  post  surgeons  had  declined  from 
102  to  60.  Four  years  of  the  earnest  interest  of  the  Chief  Signal  Officer  have 
brought  that  number  up  to  112  out  of  a  total  of  116  garrisoned  posts.  The  rapid 
extension  of  the  great  transcontinental  trunk  lines  of  railway,  particularly  in  the 
West,  has  enabled  the  Chief  Signal  Officer  to  create  an  entirely  new  department 
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of  voluntary  observation,  and  there  are  now  191  railway  stations  recording  and 
reporting  climatic  data.  But  the  greatest  development  is  to  be  seen  in  Uie  vol- 
unteer  system  which  for  purposes  of  comparison  should  include  the  railway 
system.  With  this  inclusion  the  voluntary  system  now  amounts  to  1,916  sta- 
tions. In  the  preceeding  seventeen  years  the  system  had  declined  from  492  to 
318,  or  at  the  general  rate  of  nearly  4  per  cent  per  annum.  Since  1887  the  system 
has  made  the  simply  astounding  progress  from  318  to  1,916,  or  at  the  general 
rate  of  150  per  cent  per  annum. 

In  closing  this  report  I  desire  to  acknowledge  the  fidelity  and  intelligence  of  the 
clerks  of  the  division  to  whom  is  due,  in  a  great  measure,  the  important  results 
accomplished  during  the  year. 

Respectfully  submitted. 

W.  A.  Glassfobd, 
First  Lieutenant  Sigiwl  Oorpst  Signal  Officer. 


APPENDIX  9. 

FAUEWELL  OBDER  OF  THE  CHIEF  SIGNAL  OFFICEB. 

GsxERAL  Orders  )  Signal  Office.  War  Department, 

No.  25.  S  Wamington  City,  June  SO,  1S91. 

Bv  operation  of  the  act  of  Congress  approved  October  1, 1890,  the  Signal  Corps 
of  the  Army  is  this  day  reduced  from  500  enlisted  men  to  an  authorized  force  of 
50  sergeants,  and  the  civic  duties  growing  out  of  the  joint  resolution  approved 
FVebruary  9, 1870,  are  permanently  divorced  from  this  bureau  of  the  War  Depart- 
ment. 

In  extending  to  those  who  have  served  under  him  as  enlisted  men  his  wishes 
for  their  prosperity  in  another  branch  of  the  public  service,  the  Chief  Signal  Ofifl- 
oer  can  not  refrain  from  expressing  in  orders  his  high  appreciation  of  their  serv- 
ices, ability,  and  character. 

The  varied  duties  of  the  Sifi^^al  Corps  have  brought  the  present  Chief  Signal 
Officer,  while  serving  as  a  subordinate,  into  unusually  close ,  relations  with  its 
enlisted  force  in  almost  every  section  of  the  continent,  from  the  valley  of  the  Bio 
Grande  to  the  plains  of  Dakota  and  Montana,  and  in  the  dreary  wastes  of  the 
Polar  regions.  Such  conditions  necessarily  develop  the  character  of  men,  and 
under  these  adverse  and  trying  circumstances  the  enlisted  force  has  invariably 
performed  its  duties  with  rare  efiiciency  and  fidelity;  and  it  is  with  ^reat  regret 
that  now,  after  over  twenty  years'  service,  covering  the  prime  of  his  manhood, 
the  Chief  Signal  Officer  severs  his  official  relation  with  a  branch  of  the  Signal  Corps 
which  has  been  charged  with  duties  always  entailing  responsibility  and  anxietv, 
fraught  often  with  danger  and  hardship,  and  which  have  proved  to  be  of  benefit 
to  the  country  and  an  honor  to  the  Army. 

The  length  of  service  of  enlisted  observers  is  equally  creditable  to  subordinates 
and  officers.  The  observers  in  charge  of  stations  have  served  an  average  of  thir- 
teen years.  The  very  high  standing  of  the  enlisted  men  is  illustrated  by  the  fact 
that  36  per  cent  had  received  some  collegiate  training.  No  less  than  twenty- 
three  men  of  the  Signal  Corps  have  risen  to  a  commission  in  the  Army;  others 
are  now  lawyers,  physicians,  college  professors,  or  men  of  high  commercial  stand- 
ing, and  of  these  many  acknowledge  the  benefit  of  their  enlisted  service. 

It  has  been  erroneously  supposed  by  many  that  enlistment  in  the  Signal  Corps 
stood  for  easy  duty  in  cities,  regular  hours  of  work,  and  abundant  leisure ;  as  a 
matter  of  fact  no  other  men  in  the  Army,  or  indeed  in  any  branch  of  the  public 
service,  have  worked  so  continuously,  served  at  as  remote  and  unhealthy  stations, 
or  been  taxed  with  such  confining  duties.  The  majority  of  the  stations  have  but 
one  observer,  and  it  can  be  truly  said  that  the  weather  service  has  been  one 
without  holidays  or  the  usual  rest  on  Sunday,  although  the  work  on  that  day  is 
reduced  to  the  lowest  limit. 

While  conditions  of  peace  have  for  years  permitted  the  proper  and  judicious 
i^thdrawalof  troops  from  disease-stricken  districts,  the  Signal  Service  has  main- 
tained its  scries  of  meteorological  observations  unbroken  during  the  time  of  pesti- 
lence through  the  heroic  service  of  its  observers,  of  whom  some  have  sacrificed 
their  lives  in  devotion  to  duty  in  the  interest  of  science.  In  twenty  yeai^s  only 
two  or  three  men  have  made  sign  of  complaint,  and,  in  addition  to  ordinary  serv- 
ice to  the  Government,  the  men  of  the  Signal  Corps  have,  in  more  than  one 
instance,  received  the  highest  commendations  from  local  authorities  for  their 
gratuitous  service  to  fever-stricken  communities. 

The  courage,  fidelity,  and  intelligent  action  of  the  observers  of  the  Signal  Corps 
charged  with  the  repair  and  maintenance  of  telegraph  lines  in  the  Indian  coun- 
tries during  time  of  actual  hostilities  have  been  acknowledged  in  complimentary 
terms  by  their  commanding  general  for  valuable  services  in  the  field.  E^ual 
fidelity  and  intelligence  have  marked  the  services  of  the  observers  Bervm^onXXv^ 
■eacoast  lines^  where  devotion  to  duty  under  trying  ciroumBlancesYi^&Sx^svxc^ 
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the  rescue  of  shipwrecked  persons  and  the  saving  of  valuable  property.  So  effi- 
cient have  been  these  services  as  to  elicit  at  times  official  commendation  of  other 
branches  of  the  Government. 

The  Chief  Si^al  Officer  knows  and  fully  appreciates  the  assiduous  and  inval- 
uable cooperation  of  the  officers  of  the  Army,  whose  labors  in  organizing,  de- 
veloping, and  operating  the  meteorological  work  of  this  service  will  never  be 
adequately  stated  or  generally  recognized.  It  is,  however,  a  matter  of  record 
that  the  meteorological  system  devised  by  officers  of  the  United  States  Army  has 
proved  to  be  the  most  successful  service  in  the  world,  has  served  as  a  working 
model  and  example  for  other  nations,  while  its  unique  exhibits  have  elicted  un- 
paralleled commendation.  The  records  of  officers  who  have  participated  in  the 
work  of  this  service  for  any  prolonged  i>eriod  show  the  native  ability  and  special 
adaptability  of  Armv  officers  ordered  to  scientific  duty  for  which  they  had  not 
been  educated  and  which  more  than  one  accepted  with  reluctance. 

The  Signal  Corps  collects  and  distributes  an  unequaled  amount  of  weather 
data.  In  accuracy  of  collation,  in  speed  of  collection  from  and  distribution  to 
distant  points,  in  extent,  and  in  legibility  oven  of  its  ephemeral  publications  the 
service  is  not  only  unrivaled,  but  is  not  even  approached  by  any  other  weather 
service  in  the  world.  In  attaining  this  pracucal  excellence  many  peculiar 
methods  of  work  and  a  lar^e  number  of  special  mechanical  devices  were  e88ential 
to  the  present  success,  and  the  Chief  Signal  Officer  would  be  wanting  in  Justioe 
did  he  not  acknowledge  that  far  the  greater  part  of  these  improvements  is  due 
to  id«^as,  suggestions,  and  inventions  of  the  enlisted  men. 

In  parting  from  the  civil  employ^  the  Chief  Signal  Officer  feels  assured  that 
the  new  chief  in  another  department  will  receive  from  them  the  same  loyal, 
faithful,  and  efficient  service  they  have  rendered  the  Government  while  Borvin^ 
under  his  orders.  The  scientific  staff  have  in  view  important  additional  duties 
looking  to  the  extension  of  the  Weather  Service  in  the  interests  of  acfriculture 
and  stul  further  development  of  the  science  of  meteorology.  The  Chief  Signal 
Officer  will  follow  with  deep  interest  the  development  on  new  scientiflclines  of 
weather  forecasting  and  the  application  of  meteorology  to  agriculture,  on  which 
grounds  this  liberal  reorganization  of  the  Weather  Bureau  was  planned  and 
carried  out. 

A.  W.  Greely, 

Ch^f  Signal  Officer. 


APPENDIX  10. 

RBPOBT  OF  ASSISTANT  PBOFESSOR  IN  CHARGE  OF  THE  IN- 
STRUMENT DIVISION, 

Signal  Office,  War  Department, 

Wa^ington  City,  June  30, 1S91, 

Sir:  I  have  the  honor  to  submit  the  following  report  respecting  the  progress 
of  the  work  of  the  instrument  division  and  its  present  condition  for  the  liscal 
year  ending  June  30, 1891. 

No  changes  have  been  made  in  either  the  personnel  of  the  division  or  in  the 
general  routine  of  duties  coming  under  its  supervision. 

The  progress  of  the  work  has  oeon  marked  with  even  greater  promptness  and 
precision  Sian  at  any  time  since  the  reorganization  of  the  division  in  1888.  The 
cause  for  this  is  to  be  found,  no  doubt,  in  not  only  the  improved  condition  and 
^neral  equipment  of  the  division  itself,  as  well  as  a  bettered  status  as  ref^ards 
instruments  of  the  stations  under  its  conti*ol,  but  also  in  an  increased  cfflcioncy 
of  those  employed,  acquired  by  greater  familiarity  and  increased  experience 
with  many  details  that  were  at  first  now  to  all. 

The  general  functions  of  the  division  pertain  to  the  supervision  and  direction 
of  all  matters  relating  to  instruments,  their  designing,  selection,  issue,  expos- 
ure, repair,  etc.  Thfa  division  has  also  been  charged  with  various  original 
experimental  rescarohes  and  studies. 

The  coordination  of  the  work  embraced  under  the  lirst  class  above  has  proved 
itself  to  be  a  wise  and  judicious  arrangement,  avoiding  great  complication  and 
loss  of  time  from  subdivision  of  responsibility. 

The  greater  part  of  the  correspondence  conducted  by  this  division  has  \yecn 
with  olScrvers  relative  to  the  supply  of  station  instruments ;  the  proper  exi)0- 
sure  of  instruments  upon  the  f oofs  of  the  new  office  buildings  ;  the  ailjustm(?nt 
and  maintenance  of  self-recording  instruments,  etc.  Additional  corresi)on- 
denoehas  been  had  with  dealers  and  manufacturei*s  relative  to  the  purchase  of 
new  supplies  of  meteorological  instruments,  etc.  It  has  been  a  general  rule, 
with  only  occasional  exceptions,  to  promptlv  answer  every  letter  of  inquiry  upou 
the  day  of  its  receipt.  Tne  total  number  of  letters  sent  out  by  this  division  dur- 
ing the  past  year  is  2,166;  an  increase  of  about  llO  per  cent  over  the  numlx'r 
written  during  the  preceding  year. 

The  shipment  of  instruments  by  railway  mail  has  been  successfully  continued 
during  the  year  and  the  service  is  under  renewed  obligations  to  the  postal  clerks 
and  postmasters  who  have  handled  the  packajres  so  carefully.  Of  the],0<>7 
packages  and  boxes  containing  delicate  meteorological  instruments  sliii)ped  to 
all  parts  of  the  United  States,  only  one  or  two  instances  have  been  reported 
where  instruments  have  boon  received  in  a  broken  or  damaged  condition,  il  is 
greatly  to  be  regretted  that  so  favorable  a^comment  can  not  be  miul«.>  in  respect 
to  freight  and  express  agents.  p]ven  in  the  limited  numl)er  of  shipments  by 
these  means  of  more  or  less  delicate  instruments,  which,  by  their  size  or  weight 
can  not  be  sent  by  mail,  serious  and  seemingly  wholly  unnecessary  dama^^es  often 
occur,  notwithstanding  that  more  than  ordinary  care  is  taken  in  padding,  etc. 

stations  and  theii?  equipment. 

The  plans  Inaugurated  some  years  since  looking  to  tlie  more  effectual  improve- 
ment of  stations  and  their  equipment  have  been  iictively  carried  on  and  de- 
veloped as  far  as  circumstances  would  permit.  The  exoelleiKN'  of  the  exposure 
of  instruments  at  stations  moving  into  ncjw  buildings  is  a  matter  of  serious  con- 
cern to  this  division,  and  no  effort  is  spared  to  secure  the  lx\*>t  possible  condi- 
tions. In  various  cases,  however,  iuditTerent  exposures  only  are  possible  owing 
to  the  ill-suited  roofs  of  office  buildings  and  the  interference  of  towers  or  other 
adjacent  structures. 
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The  policy  Inauguratod  last  year  of  making  combined  wind-vane  and  ane- 
mometer supports  from  the  ordinary  wind- vane  support,  by  the  addition  of  an 
improved  anemometer  swivel-cross  arm  and  iron  steps,  has  been  continued  and 
about  thirty  additional  stations  are  now  supplied  with  this  combined  support. 

The  furnishing  of  more  important  stations  with  special  instrument  stands  and 
battery  cases,  as  also  with  the  improved  bai*ometer  cases  inaugurated  a  year  ago, 
was  continued  during  the  year ;  50  instrument  stands  and  50  barometer  boxes 
being  issued.  Of  the  latter,  60  barometer  boxes  were  issued  the  preceding  year, 
makmg  the  total  niunber  of  stations  supplied  at  this  date  110  in  all. 

In  continuation  of  the  establishment  of  stations  operating  self-registering  in- 
struments there  were  issued  during  the  past  year  19  new  double  registers,  9  new 
triple  registers,  24  thermographs,  and  26  barographs.  These,  taken  in  connec- 
tion with  instruments  alrec^y  m  use  at  various  stations,  have  largely  increased 
the  number  of  centers  at  which  the  more  important  meteorological  elements  are 
continuously  recorded.  The  growth  of  the  service  in  this  respect  has  been  veiy 
rapid  and  very  pronounced  during  the  few  preceding  years,  and  it  may  be  well 
to  present  here  somewhat  fully  its  present  condition. 

In  the  earlier  history  of  the  service  the  only  continuously  registering  instru- 
ment in  use  was  the  anemometer  with  its  register.  These  have  always  been 
supplied  to  all  full-rexx>rting  stations.  Maximum  and  minimum  thermometers 
have  idso  been  in  regular  use,  but  these  instruments,  though  sometimes  called 
self-registering,  are  not  so,  strictly  speaking,  but  simply  tndicaU  a  maximum 
and  minimum  temperature  since  last  setting,  without  reference  to  time. 

Aside  from  these  no  self-registering  instruments  had  been  sent  out,  except  to 
San  Francisco,  New  York,  and  Philadelphia,  which  were  provided  with  mercur- 
ial barographs,  rain  gauges,  and,  in  the  case  of  a  few  other  cities,  with  an  imper- 
fect form  of  register  for  recording  the  wind  direction. 

The  instruments,  in  most  cases,  were  very  costly  and  elaborate  and  corres- 
pondingly troublesome  to  maintain  in  successful  operation,  the  records  being  sub- 
ject to  frequent  interruption. 

The  station  at  Washington  City  has  for  many  years  been  very  fully  equipped 
with  self-registering  instruments.  The  fii*st  organized  effort,  however,  to  estab- 
lish first-order  stations  elsewhere  was  made  in  188S.  Forty  thermographs  and 
5  barographs  were  distributed  among  40  of  the  most  important  stations  and 
active  steps  taken  to  improve  upon  tlie  construction  of  the  old  form  of  wind- 
registering  apparatus  and  to  develop  practical  and  inexpensive  recording  rain 
gauges,  etc. 

The  following  table  gives  the  stations  to  which  self-registering  instruments 
have  been  issued  during  the  past  three  years.  The  letters  following  the  stations 
represent  the  meteorological  elements  i*ecorded  automatically  at  that  station  on 
or  before  the  date  at  the  head  of  the  column,  according  to  the  following  abbre- 
viations: 

[T=  Temperature  (Thermograph):  P=  Pressure  (Barogi-aph);  W=WInd  direction  and  ve- 
locity; R=  Rainfall,  and  Srr  Sunshine.  1  ^ 


Stations. 


Instruments  issued  during  fiscal  year 

ending — 


June  30, 1889. 


T 
T 


Abilene,  Tex 

Albany,  N.  Y 

Alpena,  Mich 

AssinniboUie,  Fort,  Mont 

Atlanta,  Ga 

Augusta,  Ga 

Baker  City,  Oregon 

Baltimore,  Md 

Bismarck.  N.  Dak 

Boston,  Mass 

BufEklOjN.  Y T.W.  R  ... 

Buford,  Fort,  N.  Dak 

Charlotte.  N.  C 

Cheyenne.  Wyo 

Chicaso,  111 


T 
T 


T.R 

T.  P.  W.  R. 


Juno  30, 1890. 


T 
P 
R 


P.  S 


T.P.W.  R. 


June  30. 1891. 


P.  W. 
P.  W. 
P.W. 

w. 

P.W. 

w. 

T. 
R. 
P.W. 


T. 


I»».;  •• 
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Y 

■ 
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Iftt  Order  Btaiions  in  operation 
Jane  30,  1890. 

StatiouH  eutitled  to  rank  as  1st 
Order,  Juntf  90,  1891,  bnt  not 
9o  annoanc«H). 

*2d  Ord»>r  HLitioTiR  huxiiig  addi 
tioiial  self-itRgiRU'ring  instni 
nients  are  markud.  km  follows: 

p.     Pn-ftsure  ( )mr«>grA(>h ) 

T.     Temp«*ralurf  •  thonnojjraph) 

W.      Wintl  dir»»(»ti«»n  »V  vehx-ity 

H.     IWativH   hiiniiditv   (solf-n;- 
cordin^  Jiyummpter; 

R.     8e]f-re4fi»rdinj^  rHinf{aa(;ii. 
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Stations. 


Cincixmatl,  Oldo 

Cleveland,  Ohio 

Custer,  Port,  Mont 

Davenport,  Iowa 

Denver,  CJolo 

Des  Moines,  Iowa 

Detroit,  Mich 

Dodge  City,  Kans 

Duluthflfinn 

Eastport,  Me 

El  Paso,  Tex 

Fort  Smith,  Ark 

Furnace  Creek,  Cal 

Galveston,  Tex 

Green  Mountain,  Me .. 

Helena,  Mont 

Holbrook,  Ariz 

Huron,  S.  Dak 

Indianapolis,  Ind 

Jacksonville,  Fla 

Jupiter,  Fla 

yaimaw  City,  Mo 

Keeler,  Cal 

Key  West,  Fla 

Knoxville,  Tenn 

Lynchburff ,  Va 

Manistee,  Mich 

Marquette,  Mich 

Memphis,  Tenn 

Milwaukee,  Wis 

Montgomery,  Ala 

Montrose,  dolo 

Moorhead,  Minn 

Mt.  Klllington,  Vt 

Mt.  Washington,  N.  H. 

Nashville,  Tenn 

New  Orleans,  La 

New  York  City 

Norfolk,  Va 

North  Platte,  Nebr . . . . 

Omaha,  Nebr 

Parkersburg,  W.  Va. . . 

Fhiladelph^  Pa 

Pittsburg,  Pa 

Point  Barrow,  Alaska. 

Portland,  Oregon 

Rapid  City,  S.  Dak.... 

Red  Bluff,  Cal 

Rio  Grande  City,  Tex 

Rochester,  N.  Y 

Roseburg,  Oi*egon 

8t.  Louis,  Mo 

St.  Paul,  Minn 

St.  Vincent,  Minn 

Salt  Lake  City,  Utah.. 

San  Diego,  Cal 

San  Francisco,  Cal 

Santa  F6,N.  Mex 

Sault  St.  Marie,  Mich  . 
Savaanah,  Ga 


Instruments  issued  during   fiscal  year 

ending — 


June  30, 1889. 


T.  W.  R... 
T.  W.  R... 


W.  R.. 
T.R.P 


T 
T 


T.R.P 

T.P    


R 


W 


W,  R 
T.... 
T.... 


T.P 

T.P 

T 

T.W.R.... 
T.  P.W.  R. 
R 


T.  R 


T.  P.  W.R.. 

T 

P 

T 


T 
T 


June  30, 1890. 


P.  S 
P.  S 


P.W.  R.  S-. 


T.P.  S 

W.S 

T.P.W.  R-. 
P.W.  R.  S.. 


W.S. ....... 

tI"]1-"^I 
t""I"I"^I 


p.  W.R.  S. 


R 
T 
T 


P.  W.R.  S. 

t'I^III'"; 


June  30, 1891. 


P.  S. 


S  .... 
W.R 


P.  W.  R.  S. 


T.P.  W.R. 

T 

T 

T 

T 

T.  W.  R... 


T 

S 

P.  W.  R. 


P.  W.  R.  S-. 
P.  W.  R.  S.- 
P.S 

P.  W.  R.S.- 


T. 

T.  P.  W. 

P.  W.  R. 


P.W. 

T. 

T.P. 


P.W. 

T. 

P.W. 

T.  P.  W.  R. 

T.  P.  W.  R, 

T. 

T. 

T.P. 

W. 

P.W. 

T.  P.  W. 


P.  W.  R. 

T. 

T.  P.  W. 


P.  W.  R. 


T.P. 
T. 

P.W. 
T. 

P. 


T. 
T. 

W. 


T. 
P.W. 


T.  W.R -...P.  a -\ 
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Stations. 


Shreveport,  La 

Sill,  Fort.  Okla , 

Spokane  Falls,  Wash 

Tampa,  Pla 

Titusvllle,  Fla 

Toledo,  Ohio 

Vicksburg,  Miss 

Washington,  D,  C 

Wilmington,  N.  C 

Winnemucca,  Nev 

Yuma,  Ariz , 


Instruments  issued  during  fiscal  year 

ending — 


Juno  30, 1889. 


Juno  30, 1890. 


T 
T 


T 
R 


I 


T.  P.  W.R. 
T 


S 

W.R 


June  30, 1891. 


T. 
T. 
P.  W.  R. 


W. 
T. 

P. 
T. 
P.W 


A  station  at  which  barometric  pi'essure,  temperature,  wind  direction,  and 
wind  velocity  are  continuously  recorded  or  observed  hourly,  may  be  consiaered 
as  of  the  first  order,  and,  in  accordance  with  this  definition,  the  twen^-«ix  Bta- 
tions  of  the  above  list,  printed  in  small  caps,  were  announced  as  first-order 
stations  in  General  Orders,  .Tune  10,  1890. 

The  double  and  triple  registers  referred  to  in  the  column  headed  June  90, 1891, 
and  designated  by  the  letters  W.  and  W.  R.,  did  not  reach  the  stations  until  tlie 
latter  part  of  the  year,  owing  to  delays  required  to  correct  defects  in  the  instru* 
ments  furnished  by  the  contractor.  While,  therefore^  all  these  instruments,  with 
very  few  exceptions  wei*e  in  oj^eration  by  the  middle  of  June,  yet  the  stations 
were  not  ofiicially  annoimced  as  of  the  first  order.  The  stations' thus  entitled  to 
rank  as  of  the  first  order,  though  not  officiallv  so  announced,  are  given  in  the 
table  below,  some  recording  also  the  additional  meteorological  element  of  rain* 
fall  indicated  by  the  letter  r  immediately  following  the  name  of  station: 


Abilene,  Tex. 
Albany,  N.  Y. 
Alixiua,  Mich. 
Assinniboine,  Fort,  Mont. 
Atlanta,  Ga.,  r. 
Bismarck,  N.  Dak.,  r. 
Davenport,  Iowa. 
El  Paso,  Tex. 
Helena,  Mont. 


Huron,  S.  Dak. 
Indiana]K)lis,  Ind.,  r. 
.Jacksonville,  Fla.,  r. 
Key  West,  Fla.,  r. 
Knoxville,  Tenn. 
Lynchburg,  Va. 
Manistee,  Mich. 
Milwaukee,  Wis.,  r. 
Moorhead,  Minn. 


Nashville,  Tenn.,  r. 
Norfolk,  Va.,  r. 
Omaha,  Nebr.,  r. 
Sault  St.  Marie^ich. 
Spokane  Falls,  Wash.,  r. 
Wilmington,  N.  C,  r. 
Yuma,  Ariz. 


The  chart displays  to  the  eye  by  symbols  explained  thereon,  the  distribu- 
tion of  the  stations  included  in  the  preceding  tables. 

The  records  from  the  various  self-registering  instruments  are  regularly  checked 
and  corrected  where  necessary  by  eye  readings  of  standard  instruments,  and,  when 
forwarded  to  this  office,  are  critically  exammed  by  experts  in  this  division  with 
a  view  to  the  detection  of  erroneous  records^that  may  have  escaped  the  observer, 
and  to  discover  failure  and  imperfect  action  of  the  instruments. 

INSTRUMENTS,  SUPPLIES,  ETC. 

Purchase  by  Icncest  hid, — While  the  actual  matter  of  the  purchase  of  instruments 
and  supj)lies  is  wholly  conducted  by  the  accounts  division,  yet  Epecificationfl 
and  full  instructions  originate  and  are  prei^ared  in  this  division.  The  lamen- 
table necessity  of  purchasing  special  and  complicated  instruments  by  bids  has 
continued  to  be  the  most  serious  obstacle  to  the  prompt  development  of  the  work 
of  this  division,  not  only  because  of  excessive  delays  ou  tho  part  of  indifferent 
contractors  but  because  of  the  general  inferior  and  defective  class  of  goods  fur- 
nished. 

It  is  an  inexorable  law  of  trade,  apparent  to  any  thoughtful  mind,  that  cheap 

work  is  always  ix>or  work.    While  the  contract  system  of  purchasing  from  the 

lowest  bidder  may  be  very  satisfactory  when  applied  to  common-trade  artidea 
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and  supplies  already  made  up  and  in  stock,  or  at  least  wares  of  common  and  well- 
iCQOwn  manufacture,  yet  the  experience  of  this  office,  without  any  exception,  has 
shown  that  the  lowest  bidders  in  the  cases  of  special  and  technical  instruments, 
the  proper  construction  of  which  is  of  prcat  importance  and  is  familiarly  known 
to  only  a  few  instrument  makers  in  this  counti-y,  are,  in  nearly  all  cases  parties 
new  at  the  work  and  with  little  or  no  exjierience  in  the  construction  of  high- 
grade  apparatus. 

It  matters  not  how  elaborate  and  ri^id  the  specifications  are  made  if  the  work- 
man has  not  the  technique  and  is  not  accustomed  to  handle  work  of  the  kind  de- 
sired, one  can  no  more  hope  toseouro  a  satisfactory  result  than  he  could  hope  to 
secui-e  an  elegantly  executed  sample  of  |)enmanship  from  a  man  of  onlv  common 
skill  in  that  particular.  Both  the  neatly  written  sheet  and  the  carefully  finished 
instrument  are  the  product  of  a  personal  and  individual  skill  of  hand,  to  be  had 
only  from  special  sources.  As  erasures  and  corrections  ujKjn  a  poorly  written 
sheet,  though  they  may  correct  gross  errors  and  render  the  matter  legible,  yet 
serve  only  to  add  to  its  previous  defects,  so  the  alteration  and  modification  of  in- 
struments originally  of  imperfect  construction  simply  render  the  devices  opera- 
tive, while  they  detract  still  further  from  their  actual  worth.  Elaborate  speci- 
fications and  instructions,  well-constructed  samples  to  work  bv,  rigid  requirements 
and  severe  penalties  are  alike  ix>werless  to  supply  the  lack  of  skill  and  are  in- 
adequate to  secure  the  desi  red  ends.  With  very  few  exceptions  the  lowest  bidder 
not  only  furnishes  very  unsatisfactory  work,  but  in  general  barely  comes  out 
without  serious  loss  on  the  job.  If  he  ever  bids  again  his  price  goes  up,  but  in 
the  mean  time  some  other  new  party  looks  up  the  prices  paid  in  the  past  and,  if 
he  particularly  desires  the  work,  sends  in  possibly  a  still  lower  bid.  The  con- 
sequence is  we  are  year  after  year  at  the  mercy  of  new  workmen  who  have  no 
special  skill,  perhaps,  and  are  absolutely  inexperienced  in  the  particular  work  in 
Imnd. 

A  man's  workmanship  is  just  as  definite  and  pei*sonal  a  thing  as  his  signature, 
and  sinoe  quality  is  of  the  first  importance  in  instruments  of  this  service,  there 
should  be  some  way  provided  for  discretion  and  greater  freedom  of  selection  in 
the  awsfd  of  certain  contracts. 

Barometer  repairs. — The  division  has  still  continued  to  fit  up  old  barometer 
frames  with  new  tubes,  and  no  pains  is  spared  to  make  these  instruments  of 
unusual  excellence.  These  are  used  to  replace  those  at  stations  that  have  by 
injury  or  otherwise  become  unserviceable.  Eighty-one  barometers  have  been 
prepared  for  such  purposes  during  the  year. 

Mercury  vjasUa  saved, — ^The  occasional  breakage  and  injury  of  barometers  on 
stations  furnishes  observers  with  mercury  in  small  quantities,  which  is  gener- 
ally preserved,  and  which,  in  the  many  years  past,  has  been  added  to  from  time 
to  time  and  allowed  to  accumulate  in  considerable  quantities,  taking  all  stations 
into  consideration.  Without  any  definite  knowledge  as  to  the  amount  of  mer- 
cury thus  distributed,  it  was  all  called  in  to  tliis  office,  and,  though  much  of  it 
was  impure  and  seriously  contaminated  with  other  metals,  yet  simple  appliances 
have  been  prepared  for  its  purification,  and  between  two  hundred  and  three 
hundred  pounds  saved  that  was  otherwise  of  little  or  no  use. 

The  first  purification  of  mercury  is  effected  by  chemical  washings,  either  with 
dilute  nitric  acid  or  ferric  chloride.  It  is  afterwards  distilled  in  one  or  another 
of  the  ordinary  forms  of  vacuum  still.  . 

Ihermometers  and  Vieircfyinparisons, — The  new  thermometers  purchased  during 
the  past  year  have  been  provided  with  aluminum  backs  instead  of  the  brass  ones 
usea  heretofore.  The  change  has  bi»en  a  very  great  improvement,  and  is  practi- 
cally without  additional  expense.  Nine  hundred  and  twenty-two  thermometers  of 
different  kinds  were  compared  with  standards  during  the  year,  and  the  corre- 
sponding correction  cards  for  instrumental  error  made  out  for  intervals  of  1(H 
over  the  range  of  the  thermometer. 

The  matter  of  improved  appliances  for  the  artificial  production  of  extreme 
cold,  required  in  the  comi^arison  of  thermometers  at  low  tomiKn'atures,  has  been 
1  subject  of  considerable  study  and  one  of  whi(!h  special  mention  was  made  in 
the  last  annual  report.  The  imperative  necessity  for  this  apparatus  in  connec- 
tion with  the  experimental  determination  of  vapor  pressures,  led  to  a  far  more 
satisfactory  solution  of  the  troublesome  i)robleni  than  had  evun  bt)cn  imagined 

possible.    This  apparatus  is  fully  descrilx^d  on  ]). ,  and  is  now  regularly  used 

in  thermometer  comparisons  at  low  temperatures. 

hgue  of  instruments, — The  issue  of  all  instruments  of  the  service,  except  rain 
gauges,  which  are  provided  for  elsewhere  only  }>ecauso  of  their  considerable 
bulk  and  less  liability  to  injury,  is  made  from  this  division.    The  number  of 
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such  issues  is  covered,  in  the  main,  by  the  items  in  the  table  below;  additional 
shipments  of  miscellaneous  articles  have  been  made  from  time  to  time  involving 
only  one  or  two  pieces  that  are  not  given  there. 


Name  of  instrument. 


Issued. 


Anemometers 

Barometers 

Barographs 

Psychrometers 

Registers: 

Anemometer 

Double 

Triple 

Thermographs 

Telethermographs 

Thermometers  (all  kinds). 


Instnmient  record.— In.  view  of  the  individuality,  in  a  meteorological  sense,  of 
the  various  thermometers,  barometers,  and  other  instruments  in  regular  use 
throughout  the  country  and  undergoing  change  from  time  to  time,  a  historicftl 
record  of  each  instrument  is  indispensable  not  only  in  connection  with  the  me- 
teorological observations  themselves  but  from  a  business  standpoint  for  the  pur- 
pose of  keeping  track  of  the  numerous  and  widely  distributed  instruments.  The 
card-record  system  seemed  to  possess  many  advantages  over  the  book  system 
formerly  in  use,  and  effort  was  made  to  at  once  put  the  scheme  in  operation. 
Though  somewhat  later  than  was  anticipated  this  was  in  successful  operation  by 
April  1 ;  the  actual  record,  however,  dates  back  to  and  is  complete  from  January 
1,  1891.  Each  regular  instrument  of  a  kind  has  its  individual  number  by  which 
its  identity  is  established.  Two  cards  are  made  out  for  each,  with  name,  num- 
ber, and  a  brief  description  of  each  instrument.  Blank  spaces  are  provided  be- 
low for  statements  respecting  the  present  location  of  the  instrument,  date  placed 
there,  etc.  These  duplicate  cards  are  filed  separately ;  one,  the  index  series,  is 
grouped  by  instruments  with  the  cards  in  numerical  sequence,  while  the  other 
series  are  classified  by  stations.  In  this  way  the  group  of  cards  for  any  partic- 
ular station  shows  at  a  glance  exactly  what  instruments  are  on  hand  with  full 
particulars  as  to  the  dates  of  issue  ana  the  principal  characteristics  of  the  instru- 
ments themselves,  while  the  index  series  of  cards  enables  us  to  locate  anv  in- 
strument whose  number  is  known.  The  necessary  changes  are  always  made  in 
the  cards  at  the  time  the  changes  are  made  in  the  instrument,  so  that  the  record 
is  always  up  to  date.  At  practically  no  additional  expense  a  regular  office  desk, 
with  its  drawers  of  special  dimensions,  was  made  to  answer  both  as  the  clerk*iB 
desk  and  the  cabinet  for  the  cai'd  record.  The  record  comprises  about  8,100  in- 
struments ;  that  is,  16,200  cards. 

Repair  of  instrumaita  and  machinC'^fhop  uH>rk.— The  remarks  made  respecting 
the  purchase  of  instruments  of  lowest  bidders  apply  with  equal  force  to  repair 
work  upon  the  instruments,  such  as  anemometers,  registers,  thermographs,  etc., 
that  from  accidents  and  continued  use  and  exjiosure  are  from  time  to  time  in 
need  of  repair. 

The  eharfikJtor  of  the  work  required  is  naturally  of  the  greatest  diversity,  and 
for  the  faithful  performance  of  much  of  it  we  are  quite  at  the  mercy  of  the  con- 
tractor. It  is  often  impossible  to  tell ,  without  entirely  overhauling  an  apparatus, 
whether  repairs  have  been  propei'ly  made  or  not. 

The  introduction  during  the  few  years  past  of  the  large  number  of  special  and 
complicated  instruments,  roferj'cd  to  in  a  previous  part  of  this  report,  has  very 
greatly  increased  the  amount  of  work  required  of  the  machinists.  Indeed,  Ithi^ 
been  impossible  to  give  the  work  the  same  proper  and  prompt  attention  that  ob- 
tains in  respect  to  other  duties  of  tho  division.  As  far  as  possible,  repair  work 
has  been  put  out  on  contract,  but  in  several  respects,  partly  because  of  a  real  lack 
of  knowledge  on  the  part  of  the  manufacturer  as  to  exactly  how  our  instruments 
should  be  made  up  and  partly  because  of  inditferenee  as  to  details,  so  that  instru- 
ments appear  to  be  well  repaiivd,  such  contract  work  has  often  been  unsatisfao- 
torj,  and  our  own  machinists  have  been  required  to  give  finishing  touches  and 


BEPOBT  OP  THE   CHIEF   SIGNAL  OFFICER. 


349 


attend  to  iinx>ortant,  though  seeminglv  insignificant,  details  that  are,  in  fact, 
only  fully  known  to  those  who  have  had  a  long  exporience  with  the  use  and  con- 
Btruotion  of  the  special  instruments  of  this  service. 

It  is  believed  the  most  satisfactory  results  on  repair  work  can  be  secured  only 
by  doing  the  work  at  this  otUce.  The  much  greater  experience  of  the  workmen 
is  an  important  advantage. 

The  table  below  classics  the  larger  items  of  repairs  made  during  the  year : 


InBtruments. 

Number 
repaired. 

Instruments. 

Number 
rei>aired. 

Anemometers -.-.- 

1 

53 
47 
20 

6 
34 

8 
26 

Hvffroffraphs .. 

2 

Anemometer  cups,  sets 

Anemometer  registers 

Harometers - -- . 

Self-recording  rain  gauges. 

Telcgrai)h  instruments 

Telephones 

12 
20 
40 

Call  boxes 

Thermofirraphs 

12 

Double  refifisters 

Transmitters  (telephone) .  - . 
Whirling  apparatus 

23 

HeliofiTaT>ns 

5 

-* 

Besides  the  above  a  large  amount  of  miscellaneous  work  has  been  done  in  the 
way  of  slight  repairs  upon  clocks,  instruments,  typewriters,  adders,  stitchihg 
machines,  etc. 

Twenty-five  wind-vane  and  anemometer  supports,  the  parts  of  which  are  pur- 
chased by  contract,  have  been  assembled  and  properly  fitted  in  the  machine  shop 
to  suit  tne  particular  station  needs,  and  turned  over  to  the  property  clerk  for 
shipment. 

In  the  active  development  of  new  devices  and  the  repeated  improvements  that 
have  been  made  in  the  instruments  it  is  very  necessary  to  bo  able  to  do  all  such 
experimental  work  in  our  own  shop  where  the  machinists  can  be  under  our  con- 
stuit  directions.  During  the  past  year  the  routine  work  bus  so  much  crowded 
the  force  that  various  vuuable  improvements  and  important  devices  have  been 
set  aside  or  been  only  partially  developed. 

Attempts  to  have  some  of  this  work  done  outside,  namely,  a  special  form  of 
anemometer  register  and  a  prismatic  compass,  have  been  attended  with  such  dif- 
ficulties, because  of  the  necessitv  of  lengthy  cori^espondence  and  with  such  long 
delays  and  slow  pi*ogress,  as  to  be  very  discouraging. 

It  seems  very  apparent  that  the  growth  of  the  work  has  been  such  that  addi- 
tional force  is  required  for  its  prompt  and  efficient  performance.  The  denial  of 
this  simply  delays  repairs  and  the  progress  of  work  having  its  origin  in  \mex- 
pected  events,  such  as  damages  at  stations  by  fires,  storms,  etc.,  and  necessitates 
placing  certain  work  outside  the  office  that  can  be  much  better  and  more  econom- 
ically done  by  our  own  workmen. 

On  the  occasion  of  the  change,  by  act  of  Congress  in  1^.  of  the  enlisted  force 
on  duty  in  the  Signal  Office  at  Washington  to  a  civil  force,  the  two  machinists 
were  reduced  in  pay,  notwithstanding  a  considerable  period  of  enlistment  and 
faithful  service.  As  has  been  the  case  with  other  grades  in  this  office,  the  com- 
pensation has  been  below  that  in  other  Departments  of  the  Government,  while 
at  the  same  time,  the  standard  of  services  and  general  ability  are  admitted  to  be 
higher.  This  certainly  is  not  a  just  consideration  for  faithful  services  and  must 
always  occasion  discontent.  In  view  of  such  circumstances  it  appears  to  me  my 
duty  to  urge  the  necessity  not  only  of  increasing  the  pay  of  the  two  machinists 
now  employed,  but  to  increase  the  force  by  the  ofldition  of  a  new  man.  The  pay 
of  the  latter  could  be  the  same  as  that  now  given  the  machinists. 

CARE  OP  STANDARD  AND  OTHER  INSTRUMENTS. 

The  equipment  of  the  instrument  room  with  typical  forms  of  self- registering  in- 
struments has,  for  several  years,  been  very  complete,  and  of  late  has  been  increased 
1^  the  addition  of  a  few  new  pieces.  There  have  boon  in  operation  here  for 
some  time,  two  mercurial  barographs,  one  of  which  records  electrically  at  a  dis- 
tance, the  record  sheets  being  in  the  forecast  division  whei*e  the  forec^ist  official 
may  have  constantly  before  him  a  continuous  record  of  the  barometric  changes ; 
three  electrically  recording  thermographs,  the  thermometers  themselves  being 
in  the  insti'ument  shelter  high  above  the  building,  while  tlie  automatic  records 
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are  continuously  recorded;  one  also  in  the  forecast  room,  the  record  from  the 
two  other's  of  di'tTorent  types  being  made  in  the  instrument  room.  In  addition 
to  these  are  three  different  forms  of  self-recording  rain  gauges;  two  wind-veloc- 
ity recorders,  and  two  forms  of  registers  of  wind  direction,  with  one  or  more 
aneroid  barographs  and  thermographs  of  the  Richard  construction.  These  in- 
struments are  entirely  under  the  care  and  attention  of  experts  of  this  diyision, 
and  their  records,  wnich  are  checked  by  frequent  comparison  witii  standard 
instruments,  have  been  secured  with  scarcely  any  interruption. 

The  importance  of  the  proper  preservation-of  the  instruments  representing 
the  standards  of  barometric  pressure  and  of  temperature  is  duly  appreciated, 
and  has  received  all  necessary  care.  Not  only  this,  but  during  the  year  the  di- 
vision was  also  ehar>^od  with  the  development  and  construction  of  a  normal  bar 
rometer  of  high  order.  The  progress  and  results  of  this  work  are  fi[iven  more 
fully  in  the  special  report  upon  the  experimental  work  and  studies  of  this  divi- 
sion.   (See  p.  — .) 

With  the  increasing  improvement?  in  the  office  equipment  and  the  importance 
of  preventing  serious  deterioration  in  several  of  the  standard  instruments  and 
appliances  of  the  ofEice,  action  was  taken  near  the  close  of  the  year  to  have  the 
dusty  and  dirty  asphalt  floor  of  the  standards^  room  replaced  by  a  plain  but  neat 
and  more  cleanly  tile  flooring.  This,  when  completed,  will  be  a  great  improve- 
ment. 

SPECIAL  AND  EXPERIMENTAL  STUDIES. 

The  more  important  work,  properly  classified  under  this  head,  engaging  our 
attention  during  the  past  year,  was  the  completion  of  the  experiments  beg^un  a 
year  ago,  to  determine  by  direct  measurement  the  pressui^e  of  aqueous  vapor 
at  low  temperatures.  The  results  of  this  investigation  in  detail,  together  with 
the  progress  ujwn  the  development  and  construction  of  a  Signal  Service  normal 
barometer,  are  made  the  subjects  of  a  special  report. 

In  the  daily  work  of  the  office  various  instrumental  defects  are  frequently 
broujght  to  the  notice  of  operators,  and  new  ideas  in  the  way  of  improvement  are 
often  suggested.  These,  as  opportunity  offers,  are  often  w'orked  up  and  devel- 
oped into  useful  improvements. 

It  often  occurs  that  different  branches  of  the  service  have  need  of  special  de- 
vices and  particular  instruments,  arranged  to  give  some  special  indicauon  or  se- 
cure some  ])articular  data.  The  instrument  division  has  been  able,  on  various 
occasions,  to  contribute  suggestions  of  some  value  in  such  cases.  Indeed,  it  is 
considered  as  one  of  the  proper  and  legitimate  functions  of  the  instrument  divi- 
sion, that  it  should  be  able  not  only  to  furnish  stock  and  ordinary  instruments, 
but  should  also  guide  and  direct  the  development  of  new  devices  for  special  pur- 
I)Oses,  with  a  view  to  combining  the  highest  accuracy  with  the  greatest  efficiency 
and  economy. 

Vcrijicatioii  of  temperature  standards, — As  is  well  known,  the  Signal  Service 
standard  of  temperature  was  established  some  years  since  by  the  careful  compar- 
isons of  various  select  thermometers  with  the  air  thermometer.  These  compar- 
isons extended  as  low  as  — 60^  F.,  but  only  two  thermometers  were  used  in  the 
experiments  below  the  freezing  point  of  mercury,  and  these  were  common  alcohol 
thermometers  of  the  most  ordinary  construction  and  wholly  unsuited  as  standard 
instruments.  Moreover,  the  devices  and  facilities  available  at  that  time  for  the 
artificial  pi*oduction  of  low  temperatui^es  were  very  imperfect  and  unsatisfactory 
as  compared  with  the  apparatus  used  in  the  vajwr  pressure  experiments.  It 
therefore  appears  advisable  to  verify  the  present  standaMs  at  low  temperatures 
and  add  also  other  instruments  of  superior  and  more  appropriate  construction. 
This  is  now  the  more  easily  done,  (is  the  special  appliances,  in  the  way  of  ^r 
thermometers  and  accessories,  are  in  most  cases  in  the  possession  of  the  of&ce. 

It  is  with  great  pleasure  that  I  take  this  op]>ortunity  to  mention  and  empha* 
size  the  satisfaction  felt  with  the  noticeable  care,  industry,  and  ability  displayed 
by  the  personnel  of  this  division  in  the  discharge  of  their  particular  duties. 
The  imjwrtant  routine  work  of  the  division  calls  for  a  groat  deal  of  my  personal 
attention,  and  only  by  the  able  and  intelligent  assistance  rendered  me  by  the 
chief  clerk  would  it  have  l)ecn  i)ossible  for  me  to  find  the  necessary  time  for  the 
special  experimental  studies  already  discussed. 

c.  F.  Marvin, 
AsHistant  Profisaory  in  charge  Iiistrum&nJt  Divtaotn* 

The  Chief  Signal  Officeb. 
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REPORT  OF   VAPOH   PRESSURE    MEASUREMENTS    AND    NORMAL 

BAROMETER  CONSTRUCTION. 

(By  C.  F.  Marvin,  Amsiant  Profi^tioi%  U.  S,  Signal  Service,) 

Part  I.— Maximum  Pressures  op  Aqueous  Vapor  at  Low  Temperatures. 

The  continual  presence  of  a  greater  or  less  quantity  of  vapor  of  water  in  the 
atmosphere  and  the  enormous  quantities  of  heat  onergry  liberated  upon  the  con- 
densation of  portions  of  this  vapor  combine  to  render  the  observation  and  meas- 
urement of  tne  moisture  contents  of  the  air  of  very  great  meteorological  Impor- 
tance. Indeed,  according  to  some  views,  the  energy  thus  available  furnishes  the 
chief  supply  for  the  enormous  quantities  displayed  in  the  development  and  main- 
tenance of  the  great  storms  or  systems  of  atmospheric  circulation. 

Water  and  even  ice,  as  well  as  other  liquids  and  solids,  readily  give  off  a  por- 
tlo|x  of  their  sutetance  in  the  form  of  a  gas,  or,  as  it  is  generally  termed,  a  vajKjr. 
This  vapor  exerts  a  certain  pressure,  as  all  other  gases  do,  upon  the  walls  of  any 
vessel  that  may  contain  it,  and,  if  confined  in  the  presence  of  its  liquid,  the  vapor 
will  be  found  to  have  a  fixed  and  dffmife  pirssm'e  drpending,  in  general,  entii'eJij  upon 
f/uj  temperatun  of  the  surface  of  the  liquid  or  solid,  as  the  case  may  be.  If  the  space 
containing  the  vapor  be  made  larger,  then  more  vapor  will  be  given  off,  but  the 
pressure  will  remain  iust  the  same  unless  the  tcmi)crature  changes  at  the  same 
time.  On  the  other  hand,  if  we  attempt  to  compress  the  vapor  into  a  smaller 
space  its  pressure  can  not  be  increased  us  would  be  the  case  with  air  or  a  similar 
gKSj  but  a  jwrtion  of  the  vajwr  will  ;ro  back  into  the  liquid  state,  so  that  no 
change  will  bo  found  in  the  pressure  of  the  vapor  that  remains.  These  are  well- 
known  physical  facts,  but  illustrate  clearly  what  is  meant  by  the  maximum  pres- 
sure of  a  vapor.  The  same  thing  is  expressed  when  we  say  a  space  is  saturated 
with  a  vapor.  When  the  moisture  in  the  air  is  at  its  maximum  pressure  the  air, 
we  say,  is  saturated.  The  tentative  addition  of  more  vapor  would  lead  to  a  cor- 
responding condensation,  or,  if  the  mixed  air  and  moisture  be  cooled,  the  corre- 
sponding maximum  pressure  is  Icsh,  and  condensation  must  occur  in  this  case 
also. 

In  all  measurements,  therefore,  of  the  moisture  contents  of  the  air  we  desii'e 
to  know  in  connection  therewith  the  corivsponding  maximum  pressures  of  water 
vapor.  These  pressures  have  bt^en  determined  for  a  greater  or  less  range  of 
temperatures  by  several  scientists  within  tlui  past  century,  but  the  extended 
and  elegantly  executed  scries  of  observations  made  by  M.' Victor  Regnault  in 
1844  have  easily  and  deservedly  tiiken  precedence  of  all  others,  and  the  values 
found  by  him  are  quite  universally  accepted.  Their  principal  deficiency,  as  ap- 
plied to  the  meteorological  observations  in  the  United  States  lies  in  the  fact  that 
the  temperature  prevailing  at  many  of  the  stations  during  the  winter  seasons 
are  frequently  many  degrees  b(?low  tiie  lowest  temperatures,  viz,  about  — 22^'  F., 
at  which  observations  were  made  by  Regnault.  Moreover,  all  tabular  values 
thus  far  published  have  been  computed  from  empirical  formuhe  which  in  no  case 
have  accurately  fitted  the  acttual  observed  values,  especially  at  temperatures  be- 
low the  freezing  jwint.  Prolmbly  the  best  i-csults  are  those  derived  from 
Broch's  reduction  of  Regnault's  observations,  Imt  even  in  this  case  the  tabular 
values  at  temi>eratui*es  below  frfezinjjs-  are  with  scarcely  an  exeei>ti()n  noticeably 
liigher  than  the  observations. 

The  humidity  tables  of  the  Signal  "Service  have,  however,  sinco  18S<),  been 
based  upon  these  values,  and  Hroch's  formula  lias  been  used  to  compute  new  va- 
por pressures  from — 22  F.  to  — r)8  \  thus  extending  the  tables  over  a  large  range 
temperatures  not  covered  by  a  single  exi^erlment.  The  determination  of  cor- 
rect vapor  pi*es8ures  for  this  i)ortion  of  the  table  has  been  the  i)rin('ipal  objt'ct 
of  the  investigations  describi'd  herein. 

At  the  tomj)erature  of  melting  ice  the  maximum  nressnn*  of  lujueous  vapor, 
expressed  in  the  height  of  a  mi'rcurlal  column,  is  only  4.fi  mm.  and  is  much  less 
for  very  low  temperatures.  Since  the  most  practicable,  if  not  the  only  feasible, 
method  of  observing  these  pressures  is  })y  means  of  a  niercui'y  manometer,  the 
problem  resolves  itself  into  the  very  a<'ciirate  mesisurement  of  the  comparatively 
small  difference  in  level  of  two  conimunicating  mercurial  (»olumns,  tlu^  one  being 
exposed  to  the  pressui'e  of  the  water  vapoi*  and  the  other  and  higher  column 
having  as  perfect  a  vacuum  above  it  as  possible.  In  the  cam}  of  IVgnault's  exper- 
iments at  low  temperatures*  the  arrangement  of  his  apparatus  is  shown  substan- 
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tially  in  Fig.  1 .  A  and  B  arc  two  barometer  tubes  of  the  pame  Internal  diame- 
ter, viz,  about  14  mm.  dipping  into  the  same  reservoir.  The  tube  B  is  filled  with 
pure  mercury  and  otherwise  prdpared  in  the  most  careful  manner  as  a  barome- 
ter which  may  be  compared  from  time  to  time  with  standards.  The  tube  A  is 
Provided  at  the  top  with  a  horizontal  branch  having  a  three-way  connector,  or 
',  at  a  and  a  large  bulb  at  C.  The  capacity  of  this  latter  is  approximately  500  oo. 
The  T  connector  is  constructed  of  brass,  into  which  the  glass  tubes  are  cemented 
with  a  mixture  of  red  and  white  lead.  This  construction  is,  of  itself,  objectionar 
ble,  as  smsdl  leakages  are  almost  unavoidable  and  a  continuous  glass  joint  would 
have  been  much  better. 

The  water  to  be  used  in  the  apparatus  is  first  strongly  boiled  in  order  to  re- 
move the  dissolved  air ;  a  portion  is  then  introduced  into  a  small  fragile  glass 
capsule  which  is  almost  wholly  filled  and  hormetrically  sealed,  presumably  with- 
out any  air  in  the  vacant  space.  This  capsule  is  placed  inside  the  larm  bulb  G. 
The  lateral  outlet  at  a  is  connected  to  an  air  pump  and  suitable  drymg  tubes. 
After  most  thoroughly  drying  and  exhausting  the  apparatus  the  pimip  was  dis- 
connected and  the  apparatus  hermetrically  sealed  by  fusion  of  the  glass  outlet 
tube  at  a.  The  elegant  and  efficient  devices  known  as  the  Sprengel  and  GieAer 
pumps  were  neither  of  them  known  to  science  at  the  time  of  Begnault's  experi- 
ments, and  it  was,  therefore,  impossible  for  him  to  secure  in  the  manner  described 
above  an  even  approximately  perfect  vacuum.  The  remaining  pressure  is  not 
definitely  given,  but  is  stated  to  be  from  1  to  2  mm.  It  was,  however,  always 
accurately  determined  by  surrounding  the  bulb  C  with  finely  shaved  ice  and 
measuring  accurately  the  difl'orenco  in  level  of  the  two  mercurii^  colunms  in 
the  tubes  A  and  B.  The  pressure  of  the  remaining  air  could  then,  presuma- 
bly, be  computed  with  sufficient  accuracy  for  other  temperatures.  The  air  pres- 
sure correction  being  known  the  liberation  of  the  water  inside  the  apparatus  is 
effected  by  heating  the  bulb  and  capsule  until  the  expansion  of  the  water  bursts 
its  envelope. 

To  observe  the  pressure  of  the  water  vapor  at  low  temperatures  the  bulb  C  is 
placed  inside  a  large  vessel  cx)ntaining  a  freezing  mixture  of  ice  and  chloride  of 
calcium.  With  these  substances  Regnault  succeeded  in  producing  almost  any 
desired  temperature  from  0'^  C.  to  —32-  C.  The  difference  in  level  of  the  two 
mercurial  columns  was  measured  by  a  cathetometer.  Only  three  series  of  obser- 
vations were  made  at  low  temperatures,  and  these  presumably  on  different  days, 
but  no  mention  is  made  of  any  change  in  the  appai*atus,  that  is,  all  the  observa- 
tions at  low  temperatures,  seemingly,  were  made  with  one  filling  of  the  tube  A 
and  bulb. 

In  undertaking  to  repeat  and  extend  experiments  of  this  kind  it  is  first  desir- 
able to  consider  wherein  lie  the  principal  sources  of  error.  These  may  be  pre- 
sented as  follows : 

SOURCES  OF  ERROR. 

(1)  The  temperatures  of  the  long  mercurial  columns  in  the  tubes  A  and  B  can 
not  be  readilj  determined  with  much  accuracy,  and  errors  of  a  few  tenths  of  a 
degree  in  this  element  introduce  systematic  errors  of  great  importance  in  the 
results  at  low  temperatures.  Moreover,  the  heights  of  the  mercurial  columns  in 
A  and  B  are  both  subject  to  fluctuations  in  the  barometric  pressure  that  may 
cause  the  heights  of  the  columns  to  change  between  the  reading  of  the  one  and 
that  of  the  other. 

(2)  The  capillary  depressions  of  the  mercurial  columns  in  the  barometer  tubes, 
even  when  as  large  as  those  used  by  Re^^nault,  are  very  i)erceptible,  and,  in  my 
own  experience,  are  quite  unequal  m  the  two  tubes,  being  always  much  greater 
in  the  tube  containing  the  water  vapor.  The  effect  of  this  is  to  give  too  high  a 
value  to  the  vapor  pressure. 

(3)  The  correction  for  the  remaining  air  in  the  apparatus  is  also  imcertain,  par- 
ticularly for  the  results  at  low  temperatures,  where  small  errors  are  of  great  im- 
portance. It  seems  quite  probable  that  a  small  quantity  of  air  may  have  been 
introduced  with  the  water,  as  it  is  very  difficult  to  thoroughly  drive  out  the  air. 
It  is  even  possible  that  the  w^ater  absorbs  some  of  the  air  it  finds  already  in  the 
bulb,  thus  lessening  the  correction  for  air  pressure.  Again,  Begnault  himself 
states  that  with  the  apparatus  as  described  above  it  was  possible  to  raise  the  tem- 
perature of  the  bulb  even  10^  to  15^  C.  higher  than  the  air  temperature  and 
that  of  the  top  of  the  mercurial  column  and  yet  secure  accurate  observations.  If, 
however,  the  differences  of  temperature  were  greater,  distillation  would  set  up 
and  the  water  would  collect  in  the  tube  A  and  upon  the  mercury.  In  my  own 
experience  with  water  in  very  perfect  vacua  it  has  been  impossible  to  raifle  the 
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temperature  of  the  bulb  and  water  even  a  fraction  of  a  degree  above  that  of  the 
mercury  without  distillation  immediately  taking  place,  ft  would  appear,  there- 
fore,  La  the  former  case,  that  the  presence  of  a  small  quantity  of  air  prevented 
the  free  diffusion  of  the  vapor  to  all  parts  of  the  apparatus,  and  it  is  quite  con- 
ceivable also  that  a  counter  effect  is  produced  upon  tno  air,  by  which  its  density 
is  greater  in  those  portions  of  the  apparatus  furthest  from  the  water.  These 
circumstances,  if  they  obtain,  will  necessitate  a  different  air  correction  than  would 
be  given  by  the  computation  mentioned  above. 

IMPROVEMENTS. 

It  seems  desirable  and  at  the  same  time,  by  the  aid  of  modern  appliances, 
easily  possible  to  avoid  largely  the  above  sources  of  error.  Since  we  aesire  to 
measure  only  small  pressures,  the  long  barometric  tubes  may  be  dispensed  with, 
substituting  therefor  a  short  u  tube.  This  at  once  eliminates  the  effects  of  chang- 
ing air  pressure,  and  also  removes  or  renders  insignificant  the  doubtful  element 
of  the  correction  for  the  temperature  of  the  mercurial  column.  Only  tubes  of 
very  large  internal  diameter,  at  least  not  less  than  25  millimeters,  should  be 
used,  as  only  in  such  cases  can  the  effects  of  irregular  capillarity  be  eliminated. 
Finally,  the  vacuiun  in  the  apparatus  can  be  made  so  perfect  with  a  Spren^el 

Sump  as  to  make  the  vacuum  correction  sensibly  zero.  Special  means  may  uso 
e  taken  to  very  thoroughly  purify  the  water  and  free  it  from  dissolved  air  or 
other  gases. 

With  these  modifications,  the  accuracy  of  the  results  seems  limited  only  by  the 
precision  with  which  the  difference  in  level  of  the  two  mercurial  coliunns  can  be 
measured.  In  fact,  a  desirable  degree  of  refinement  in  this  direction  seems 
scarcely  attainable.  The  difficulty  lies  in  exactly  locating  the  mercurial  sur- 
faces. This  difficulty  may  be  a  little  more  clearly  understood  from  the  follow- 
ing discussion.  On  account  of  the  very  perfect  reflecting  power  of  mercurial 
surfaces  it  results  that,  in  general,  the  top  of  a  mercurial  column,  when  viewed 
horizontally,  as  with  a  cathetometer  telescope,  becomes  itself  quite  invisible. 
The  topmost  portions  are  apt  to  reflect  strongly  light  from  some  bright  object 
near  by,  while  adjacent  portions  of  the  mercury  will  appear  dark  or  black.  One 
is  often  deceived  in  respect  to  this  appearance  and  imagines  the  curved  shaded 
portion,  which  has  every  resemblance  to  the  rounded  mercurial  meniscus,  to  be 
the  real  top  of  the  colunm.  These  conditions  ai'e  especially  marked  if  effort  is 
made  to  view  the  mercury  against  either  a  white  or  a  olack  ground.  In  the  first 
case  the  mercury  will  appear  black,  in  the  second  white,  but  in  neither  case  is 
the  real  sunmiit  of  the  column  visible.  In  Fig.  1,  at  M,  is  shown  an  enlarged 
view  of  the  top  of  a  mercurial  colunm.  The  portion  on  the  right  is  illuminated 
and  the  part  in  shadow  is  seen  on  the  left  with  the  shaded  line  ab  c  between. 
The  appearance  of  this  when  seen  from  the  front  is  shown  at  a'  b'  c\  b'  seeming 
to  be  the  summit  of  the  meniscus,  which  is  itself  appreciably  higher  and  so  clearly 
illuminated  as  to  seem  to  belong  to  the  background.  A  further  discussion  as  to 
methods  used  to  eliminate  errors  of  this  kind  will  be  given  in  describing  the 
apparatus. 

The  means  of  producing  the  low  temperatures  is  also  a  matter  of  importance, 
as  these  must  be  readily  under  control  and  be  practically  stationary  for  a  suffi- 
cient length  of  time  to  msure  equilibrium  and  to  permit  the  necessary  measure- 
ments and  observations  to  be  made.  The  greatest  difficulty  was  experienced  in 
this  direction  and  satisfactory  results  were  obtained  only  after  an  entirely  new 
apparatus  was  devised  for  this  purpose. 

Having  thus  referred  to  the  fundamental  conditions  which  we  wish  to  satisfy 
in  pursuing  this  investigation,  the  following  descriptions  of  the  apparatus  and 
methods  will  enable  one  to  judge  of  the  extent  to  which  these  conaitions  were 
secured: 

AUXILIARY  APPARATUS. 

(1)  Air  pump.— Unfortunately,  dealers  in  physical  apparatus  do  not  carry  in 
stock  mercurial  pumps,  except  those  of  the  most  common  and  inferior  construc- 
tion. Pumps  of  the  Sprongei  pattern,  such  as  modified  and  improved  by  Messrs. 
Crooks  &  Gimingham,*  seem  to  be  but  very  little  known,  and  are  to  be  had  only 
by  special  manufacture.  Fig.  2  shows  the  construction  of  the  one  used  in  these 
experiments. 
The  fall  tube  a,  of  which  there  was  but  one,  while  Crook*s  pumps  had  as  high 
five,  has  an  internal  diameter  of  about  !"»"»  and  is  about  900»»"»  long.    The 
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mercury-gupply  tube  &,  tciininated  by  the  jot  tiOxj.  has  the  latter  ground  into  the 
enlarged  portion  of  the  top  of  the  fall  tiilx*.  This  roadily  i>ermlu»  of  Bcparatin^ 
the  parts  of  tlie  puni])  for  cleaning  or  ohaugin*;  the  character  of  the  jet  tube  if 
the  glass  blower  docs  not  get  it  just  ri^ht  atllrst.  The  ap]}aratus  to  be  exhausted 
is  attached  to  tflc  pump  at  the  ])Oint  c.  Much  time  in  wastt^d  and  inferior  results 
secured  by  trying  to  connect  different  pieces  of  ap])ai'atus  with  each  other,  or 
with  the  pump  by  usc^  of  nibber  tubes  and  wax-  or  other  cements.  In  working 
with  very  hi^rli  vairua  it  is  quite  netjessary,  as  far  as  }>ossiblO|  to  have  all  imits 
of  glass,  and  th'.'si?  in  every  trusij  fused  togetlurr. 

Tlie  unavoidable  joiuts'^in  tlio  pump  are  vei'y  carefully  ground  together,  and 
covered  with  mercui-y  and  iSulphuric  acid  alsr).  if  necessary,  By  the  use  of  a 
s])ecial  foiinof  blast  lamp,  to  be  described  later,  f  have  found  it  exceedingly  easy 
to  make  all  sorts  of  fused  joints  in  various  parts  of  the  apparatus  with  which  I 
liave  worked.  A  long,  slender,  and  comparatively  llexiblo  tube  is  fused  to  the 
stopper  of  tlie  pump,  fitting  into  the  joint  at  c.  Any  apparatus  to  bo  exhausted 
can  bo  easily  fused  to  this  and  still  be  capable  of  slight  movements.  The  1*6- 
mainiug  portions  of  the  pump,  shown  at  d^  c,  and/,  arc  gauges  used  in  the  meas- 
urement of  the  pressuix^,  ({  being  an  oi-dinary  bammeter  tubd  and  c  a  similar 
tubo  dipping  into  the  same  cup.  The  mercury  rises  in  the  latter  as  the  vacuum 
becomes  more  and  more  perfect.  At  /  is  a  McLeod  gauge*  for  measuring  the 
vacuum  when  it  is  very  nearly  perfect,  and  the  mercury  in  d  and  c  are  practically 
at  tho  same  level.  The  constru(.^tion  and  action  of  this  gauge  is  as  foilolra:  The 
tub:^  if  having  an  internal  diameter  of  about  2""",  Is  closed  at  the  top  and  gi*ad- 
uated  into  millimeters.  The  branch  tu1)e  h  h'  has  the  same  internal  diameter^  and 
its  upper  portion,  opposite  (j,  is  similarly  graduated  and  numbered.  The  tube 
tj  is  calibrated  for  irregularities  in  bore,  and  its  volume  iier  mm.,  very  aoou- 
rately  determined.  The  volume  of  the  entire  tube  (/  and  the  bulb/,  above  tho 
level  of  tho  branch  at  A',  is  also  carefully  determined.  When  it  is  desii'cd  to 
measure  a  small  vacuum,  mercury  is  caused  to  flow  u})  tho  tube/.  At/i'  the  How 
divides,  and  at  the  same  instant  all  the  air  in  the  bulb^^  and  above  the  branch 
h'  is  cut  off  fix»m  the  pump  and  imprisoned.  The  flow  of  the  mercury  is  con- 
tinued until  tho  bulb  and  part  of  the  tubo  g  ai*e  filled.  The  imprisoned  air  has 
been  very  greatly  compi'essed,  and  its  original  quite  imiierecptible  prassure  has 
increased,  presumably  in  accordance  with  Boyle's  law.  and  can  now  be  easily 
measured  by  the  difference  in  level  of  the  mercury  in  the  tulx^s  g  and  /t/t',and 
which  difference  is  easily  read  olT  by  aid  of  the  millimeter  graduations. 

As  it  is  difficult,  however,  to  originally  place  these  graduations  so  that  the 
corresiKinding  lines  are  accurately  on  a  level,  it  is  generally  necessary  to  de- 
termine the  error  In  this  respect  by  leveling  across  with  a  cathetomoter  or  other 
incthrKl.  The  vc»luine  of  the  bulb  and  neck  is  about  100  c.  c,  and  the  compi'oif- 
sion  can  ))0  carritnl  t^)  some  2,000  times.  Some  vacua  produced  by  the  pump  nave 
measured  as  low  as  .0<X)4  mm.,  which  means  that  the  i*emaining  gas  is  but  little 
more  than  one  part  m  two  million  of  the  full  atmospheric  pressure.  Various 
writers  express  (!onsiderabIc  confidence  in  the  accuracy  of  the  gauge.  Its  abiM>- 
lute  indications,  however,  do  not  appear  lobe  wholly  rcliablo,  due,  ]H>rham,  to 
the  )>ossibl«.'  fad  that  during  the  rise  i»f  mercury  ainl  owing  1o  tho  marked  ten- 
dency of  ordinar-y  gasos  to  lidherc  to  glass  surfaces,  an  appreciable  i)ortion  of  tho 
gas  is  lU'cidentally  caught  against  the  walls  of  the  glass  whci'C!  it  is  covered  over 
by  the  mercury.  In  cons(M|Ucnce  of  this  the  observed  i^rcssui-c  oC  the  gas  under 
compression  is  lower  than  it  sliould  l>e.  Th<i  gas  in  its  higlily  attenuated  condi- 
tion doubtless  conforms  mor(!  nearly  to  BoyU-'M  law  than  under  ortUnary  circum- 
slaners.  To  get-  some  «.-lifek  up<.>n  the  abs<^lute  indi«*ations  of  this  guage  I  have 
]uirtially  jirepand  a  ciireet  measurement  gauge  consisting  of  th(M*egular  IT  man- 
f»nieU.*r  lulx.rf,  but  Jilk'd  with  sulphuric  acid  or  .some  nonvolatile  hydrocarbon. 
IJetined  means  nf  iu<as\jring  the  ditVerenei*  of  level  of  the  two  columns  can  bi^ 
resoi-teil  to.  and  ir  is  belifveil vahuil>le  ri-sults  seeiuvd. 

AT  ))i  is  a  t'lbe  ]>arL:y  filled  with  ])hos]»liorie  anhydride,  exposing  as  much  sui'- 
faei>  as  i)ossibIe  for  thf  ahsorl)tion  of  moisture,  in  tlie  to)>  of  the  supjdy  tube,  at 
.s',  is  jituJ-  a  g!-«uuid  sion]K.'r,  tluj  tO]»  of  which  is  formed  into  a  smallMmlb.  A 
sinall  lal«.'rtU  hol<?  jlrilled  in  the  grouml  portion  communicates  with  the  bulb. 
AVith  tlie  stO])|Kr  in  its  (.ordinary  or  nonnui  position,  the  passage  way  is  effectu- 
ally »^losed  in  tin-  groiuid  joint.  If,  however,  tho  stopper  be  raised  out  of  its 
joint  a  very  little,  eoniniunicaticm  is  opened  thi'ough  the  bulb  into  tho  pump. 
jji  tlii«^  NNay  iiiimit<.'  ({uaniiti«'S  of  concentrated  sul]>huric  acid  may  be  admitted 
to  ihi'  \)\\\w\)  wilhoiit  in  the  least  interf'-ring  with  its  action  or  the  vacuum. 

*  IMiiL  Mag.,  Vol.  48,  lib  series,  lS74,p.nO. 
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The  aoid  lubricatos  tho  fall  tube,  and  facilitates  the  How  of  the  mercury  in  the 
most  admirable  manner. 

The  pump  utted  in  tbLs  work  was  constructed  of  the  so-called  lead  glass,  which, 
I  believe,  is  not  so  firood,  by  any  means,  as  a  very  clear,  smooth  glass,  which  the 
dealers  inform  me  is  generally  known  as  **  German  ^lass.'^  It  is  comparatively 
soft,  and  stands  a  groat  amount  of  heating  and  working  in  the  blow-pipo,  a  great 
Advantage  to  tho  inexi)erienced,  and  the  capillary  action  between  it  and  mercury 
I  find  is  most  regular  and  satisfactory. 

It  only  remains  yet  to  mention  the  appliances  used  for  handling  and  passing 
the  mercury  through  the  pump  and  gauge. 

The  fall  tube  dips  into  an  independent  cup  of  such  construction  that  any  acid 
used  in  lubricating  tho  tube  and  passing  entirely  through  is  caught  and  i*etained 
in  the  cup,  simply  riHin^  to  the  top  of  the  morcurv,  which  Itself  passes  out 
through  the  bottom.  This  cup  is  shown  by  itself  at  C.  An  independent  cup  of 
mercury  is  also  provided  for  tno  barometer  tubes  d  and  e. 


1  ing.  Throe  of  the  outlets  are  fitted  with  short  pieces  of  so-called  one-q  uarter-inch 
pipe  turned  down  a  little  to  receive  a  rubber  tube.  The  fourth  outlet  is  larger 
and  has  screwed  into  it  a  short  piece  of  thrco<K)i^hths-ineh  pipe,  which  itself 
screws  through  tho  bottom  of  the  box.  Tho  inside  of  this  tube  is  flared  and 
smoothed  out  so  as  to  I'oceive  a  cork  tr,  which,  in  this  case,  is  fitted  to  a  lon^ 
handle,  as  shown  at  to'.  The  movable  mercury'  i*eservoir  B  is  also  made  of 
wood  and  slides  up  and  down  on  a  guide  piece  n,  n.  B  communicates  with  the 
box  A  and  the  pump  at  h'  by  strong  rubber  tubes,  as  shown,  and  is  filled  by  lower- 
ing it  to  the  lowest  point  of  its  slide.  On  pulling  out  the  stopper  w  the  mercury 
flows  rapidly  into  B,  the  level  of  which  is  so  aiTangcd  that  B  is  just  about  filled. 
The  bottom  of  the  box  A,  however,  is  still  well  covered  with  mercury.  By  this 
means  the  surface  layero  of  the  mercury,  which  are  nearly  always  more  or  less 
dusty  and  oxidized,  ai'O  thus  prevented  f I'om  entering  the  tubes  and  cai*rying 
dirty  meraury  into  the  pump.  Except  for  these  surface  impurities  the  mercury 
is  at  the  best  quality.  After  inserting  the  stopper  w  the  box  B  can  be  raised 
on  its  guides  to  any  desii^d  height.  Atj>is  a  spring  catch,  shown  also  at  j}', 
which  permits  the  box  to  slide  over  it  going  up  and  springs  out  to  support  it 
aftorwaiils.  The  level  of  this  cuteh  is  well  within  the  oi*dinary  barometric 
height  from  the  highest  ]K)int  of  the  supply  tube  b.  The  flow  of  mercury 
through  this  tube,  as  similai'ly  through  the  McLcod  gauge  tube,  is  controlled  by 
iron  8toi)-cocks.  The  junc^tions  of  rubber  tubes  with  the  glass  and  other  parts 
of  the  pump  must  always  be  at  the  lowermost  i>ortions  of  the  pump  and  the  height 
of  the  column  of  mercury  above  the  joint  must  always  be  at  least  a  little  in  ex- 
cess of  the  barometric  height,  thus  giving  an  internal  mercury  i)ressure  outward. 
If,  however,  the  outside  pressure  is  in  excess  it  is  very  difficult  to  prevent  slight 
leakages  of  air,  which  finally  is  likely  to  muke  its  way  into  the  pump.  A  check 
aigainst  this,  however,  may  be  provided  in  the  well-known  air  trap  frequently 
ujH^d  in  barometers.    Thcst.'  aro  sliown  at  t,  1. 1. 

(2)  JMiist  lamp. — In  many  of  the  opiTationK  of  joining  the  difTvront  pai'ts  of  the 
api)aratus  together  and  connecting  thom  with  tho  pump,  it  is  necessary  to  have 
a  special  blast  lam})  for  getting  in  and  around  the  various  parts.  One  shown  in 
Fig.  8  was  dovis«?d  for  this  puri)ose  and  answers  admirably.  It  is  easily  undcr- 
st'CKxI  from  the  figure.  Tho  lamp  is  simi)ly  an  arrangcnient  for  producing  two 
sharp  blowpii>e  flames  which  moot  each  other  at  thoir  tips.  The  heating  power  is 
very  groat  and  not  as  com 'ont rated  as  might  ))o  imagiiu^d.  Normally.  It  rests  on 
an  iron  base,  as  shown,  and  is  used  in  almostov«Ty  ojm 'ration  of  miikln|r  T  and  cross 
connectors  and  all  other  joints.  Witli  this  lumj),  tln^  liniitod  skill  of  the  novice 
is  not  HO  givatly  taxtrd  in  soeiiring  even  boats,  etc.  With  th<^  base  removed  the 
stem  forms  a  handle  by  which  the  lamp  is  conveniontly  held  and  manipulated 
about  and  around  tul>os  that  can  not  thtimselvos  l>o  moved,  easily  making  by  this 
means  excellent  joints  in  almost  any  contracts hI  or  other  i>osilidn. 

(3)  Low-tcmpcmtitre  ^tppdrntfis.—Tlm  artificial  production  of  low  ti'uiperatures 
has  long  proved  a  troul)lL'Soine  probh'in  in  connection  witli  tho  comparison  of  the 
lai'ge  numbers  of  thermomelors  use*l  by  th«.'  Sl;:nal  Service.  Various  expedients 
have  been  resorted  to  with  crmiparatively  ])oor  results.  The  ordinary  freezing 
mixtures  generally  do  not  givi?  ii  sutlu'ii'iitly  lnw  t«'inperiit\u"o  for  allpurposes. 
Moreover,  they  are  often  strongly  corrosive  on  metals,  and  are  always  m ussy, 
and  with  them^it  is  very  troulOosoine  to  in-oiluco  and  control  t^jitlsfuctorily  a  series 
of  particulai*  tcmi)eraturos  at  which  one  nuiy  wish  to  maki!  observations. 
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A  partial  solution  of  the  problem  was  introduced  by  Prof.  Russell  in  the  ap- 
paratus used  for  the  comparison  of  thermometers  at  "low  temi)oratures.  This 
consisted  of  a  helical  coil  of  iron  pipe  immersed  in  a  can  containing  nearly  a  gal- 
lon of  aJeohol.  The  whole  was  well  surrounded  with  an  outer  jacket  of  noncon- 
dueling  materials.  The  coil,  when  in  use,  was  in  communication  with  a  flask  con- 
taining liquid  anhydrous  ammonia,  the  evaporation  of  Avhich  in  the  coils  of  the 
pipe  readily  lowered  the  temperature  of  the  alcohol  to  points  8^^  or  1(P  befowzero 
Fahr.  Temperatures  as  low  as  — 25^  could  also  be  produced,  but  only  with  diffi- 
culty and  by  a  ver^  wasteful  use  of  the  ammonia. 

To  produce  temperatures  still  lower  than  was  possible  with  ammonia  it  was  cus- 
tomary to  use  liquid  nitrous  oxide.  In  this  case  it  was  necessary  to  use  a  still 
smaller  quantity  of  alcohol,  the  plan  being  to  have  two  cans,  one  within  the  other 
with  a  narrow  space  between,  the  inner  can  containing  the  alcohol.  The  liquid 
nitrous  oxide  was  passed  through  a  tube  into  the  space  between  the  can8,violent 
ebullition  taking  place  at  first,  but  soon  lowering  the  temperature,  often  far  be- 
low any  temperature  desired,  and  always  being  quite  beyond  any  sort  of  control;  in- 
deed, the  valve  passages  would  often  suddenly  become  quite  completely  closed 
with  dirt  or  frozen  moisture,  either  from  the  air  or  from  the  imperfectly  dried 
oxide,  or  possibly  plugged  by  the  frozen  oxide  itself,  and  again,  quite  as  sud- 
denly relieve  itself  with  a  groat  rush  of  liquid  and  gaseous  matter,  only  to  bo 
presently  throttled  again.  In  fact,  a  more  unsatisfactory,  as  well  as  expehsive 
and  wasteful,  process  can  scarcely  oe  conceived. 

Liquid  carbonic  acid,  which  is  now  a  market  article,  is  also  available  for  this 
purpose,  but  the  peculiar  property  of  this  substance,  of  so  readily  freezing  by 
its  own  evaporation,  together  with  the  very  low  heat  conductivity  of  the  snow 
of  frozen  acid,  prove  troublesome  elements  and  are  very  wasteful  as  well.  More- 
over, the  latent  heats  of  fusion  and  evaporation  together  are  comparatively  low, 
and,  in  this  sense,  the  carbonic  acid,  though  |)ound  for  pound  much  cheaper  than 
otiier  liquefied  gases,  is,  in  fact,  more  expensive. 

The  apjoaratus  shown  in  Fig.  3  has  been  found  to  answer  all  requirements  in  a 
most  admirable  manner,  and  has  been  used  to  produce  temperatures  as  low  as  65-^ 
below  zero,  F.  Still  lower  temperatures,  it  seems,  are  easily  obtained,  though 
up  to  this  time  no  occasion  to  go  to  lower  temperatures  has  arisen. 

The  annular  iron  flask  A  is  made  of  the  best  iron  boiler-flue  tubing,  strongly 
fitted  with  the  head  pieces  h  h'.  The  outside  diameter  of  the  two  tubes  are  re- 
spectively 6  and  9  inches,  the  flask  being  9  inches  high  and  containing  about 
1  gallon.  The  whole  stands  within  a  copper  qin,  itself  placed  within  a  larger 
wooden  jacket,  the  interspace  being  filled  with  cotton.  A  top  plate,  cc,  of  metal 
partly  covers  the  can  to  which  it  is  tightly  screwed,  leaving  a  circular  opening 
at  the  center  of  about  the  same  diameter  as  the  inside  of  the  flask  A.  The  whole 
is  again  covered,  except  the  opening,  by  a  loosely  fitting  wooden  plate,  to  tr. 
The  alcohol  with  whicn  the  can  is  filled  can  be  stirred  in  a  most  thorough  man- 
ner by  means  of  a  disk  dasher,  S,  moving  near  the  bottom  of  the  can  and  within 
the  iron  flask.  This  passes  the  alcohol  in  a  rapid  manner  from  the  inner  portion 
to  the  outside  around  the  iron  flask  and  vice  versa  with  the  most  satisfactory  re- 
sults. 

The  iron  flask,  by  means  of  the  screw-threaded  outlet  of  its  valve,  can  be  joined 
by  a  very  short  piece  of  pipe  to  a  flask  of  ammonia,  which,  in  this  case,  must  al- 
ways be  upside  aown  in  order  fo  run  off  the  liquid.  If  the  flask  A  contains  air, 
generallv,  only  a  small  quantity  of  liquid  ammonia  will  enter  and  this  is  best 
effected  by  opening  the  valves  quite  promptly.  To  further  charge  the  flask  it 
is  first  necessary  to  drive  out  the  air,  for  which  the  stock  ammonia  flask  is  dis- 
connected and  a  rubber  tube  or  other  outlet  attached.  The  ammonia  in  the  gas- 
eous state  when  permitted  to  escape  from  A,  carries  with  it  the  air  also.  The 
temx)erature  of  the  alcohol  is  gradually  lowered,  and  if  an  additional  supply  of 
ammonia  is  needed  anv  quantity  may  be  drawn  from  the  supply  flask  out  of 
which  the  ammonia  will  now  be  strongly  forced  by  its  greater  vapor  pressure, 
due  to  the  difference  of  temperature  of  the  two  flasks  The  ammonia  ffas  is  best 
disposed  of  by  passing  it  into  a  bottle  or  other  vessel  of  water,  which  is  thus,  in 
time,  converted  into  excellent  aqua  ammonia.  * 

One  can  judge  of  the  quantity  drawn  off  only  by  the  sound  and  such  circum- 
stances. A  note,  however,  is  always  kept  of  the  weights  of  the  stock  flask,  giv- 
ing not  only  how  much  has  been  withdrawn,  but  its  present  contents  as  well. 
Between  4  and  5  pounds  of  ammonia  arc  sufficient  to  lower  the  temperature  to 
— ()5^  and  work  at  various  intermediate  temperatures  for  sevei*al  hours.  The 
temix»rature  can  be  readily  lowered  to  any  point  down  to  — 20^  F.,  simply  using 
the  rubber  tube  and  Avater  vessel.    At  this  point,  however,  the  escape  of  the 


REPORT   OF   THE   CHIEF   SIGNAL   OFFICER.  357 

ammonia  gas  is  slow  owing  to  it>d  diminished  pressure.  The  pump  shown  in 
Fig.  3  is  then  brought  into  requisition.  The  diameter  of  the  barrel  is  nearly  3 
inches  and  the  construetion  is  somcwliat  peculiar,  there  being  but  one  valve. 
Connection  with  the  flask  A  ir*  made  at  the  top  of  the  pump,  the  communication 
with  the  inside  Ixjing  thi"Ough  the  small  holes  near  the  top  of  the  cylinder.  The 
pist<m  when  in  its  highest  i)Osition  is  above  these  holes.  At  the  bottom  of  the 
cylinder  is  a  large,  flat  valve  closing  upward  with  gentle  pressure.  From  the 
valve  way  tlie  passages  to  the  outside  are  seen  in  the  side  view  of  this  portion  of 
the  pump.  The  valve  itself  is  pierced  with  a  small  hole  of  only  about  one-six- 
toeiith  inch  diameter,  and  the  whole  pump  is  securelv  fastened  inside  a  bucket 
(ir  similar  vessel  nearly  tilled  with  water  which  makes  its  way  into  the  pump 
thi-ough  the  small  hole  in  the  valve ;  in  some  cases  of  low  inside  pressure  quite 
a  fountain-like  jet  of  water  is  formed.  With  the  piston  in  its  highest  position 
tlic  ammonia  has  free  communication  to  the  pump  cylinder  and  is  i*apidly  ab- 
sorpea  by  the  water  which  is  readily  renewed  by  emptying  the  cylinder  with 
a  stroke  of  the  piston.  The  absorption  of  the  ammonia  by  the  water  is  very  vig- 
oi'ous  generally,  and  the  number  of  strokes  of  the  pump  necessary  to  dispose  of 
a  comparatively  large  volume  of  gas  is  cx)r respond ingly  small. 

The  pump  is  remarkably  effective,  though  when  not  in  action  the  piston  must 
be  secured  in  a  lowered  position  in  order  to  prevent  the  rise  of  heated  water  into 
the  tube  and  possibly  the  flask  A,  though  the  valve  of  the  latter  is  generally  kept 
closed  when  the  gas  is  not  being  drawn  otf .  During  the  escape  of  the  gas  the 
flask  and  its  contents  are  always  noticeably  colder  than  the  alcohol,  so  that  it  is 
easy  to  secure  very  nearly  a  stationary  temperaure  of  tlie  latter  for  several  min- 
utes shortly  after  the  valve  is  closed.' 

(3)  Cathct(ymetei\ — Except  as* otherwise  specially  mentioned  all  measurements 
of  the  differences  in  level  of  the  mercurial  columns  were  made  with  a  most  ex- 
cellent and  substantial  cathetometer  made  some  years  since  by  the  Soci6t6  Gene- 
vois.  The  vertical  bar  is  a  cylinder,  supported  on  sharp  cones  at  both  top  and 
lx>ttom.  The  two  telescopes  are  each  fltted  with  excellent  micrometer  eyepieces. 
i)nly  one  of  these  was  u.sed,  and  its  micrometer  screw  was  examined  for  errors, 
which  were  found  so  small  as  to  be  quite  unimportant,  and  no  correction  for  this 
was  necessarv.  Except  in  the  very  flrst  work  the  distance  of  the  manometer 
tubes  from  the  objective  was  359  mm.,  and  the  micrometer  reticule  was  349  mm. 
from  the  objective.    The  imago,  therefore,  is  about  the  same  size  as  the  object. 

Many  determinations  of  the  value  of  one  division  of  the  micrometer  were  made 
during  the  progress  of  the  work,  with  only  very  slightly  different  results.  One 
division  corresponded  almost  exactly  to  0.005  mm. ,  and  this  could  be  subdivided  to 
tenths  by  estimation. 

The  value  of  one  division  of  the  telescope  level  was  nearly  three  seconds.  The 
level  was  at  all  times  carefullv  watched  and  sometimes  recorded,  but  corrections 
for  errors  of  this  kind  were  always  unnecessary,  as  the  cathetometer  in  this  re- 
spect, as  in  all  othors,  has  proved  to  be  a  most  perfect  instrument, 

(4)  Standard  of  length. — Two  small  scales  have  been  used,  both  i*uled  by  myself, 
upon  a  small  diyising  engine  made  by  the  Societe  Genevois.  The  first  of  these 
was  comx)osed  of  a  thin,  flat,  strip  of  German  silver  ruled  to  millimeters.  The 
graduation  errors  of  this  scale  were  never  determined,  but  are  known  to  be  only 
very  small.  The  obser\'ations  upon  this  scale,  the  length  of  which  was  150  mm., 
were  made  indiscriminately  upon  all  peu*ts  so  as  to  avoid  as  far  as  possible  errors 
of  graduation. 

The  second  scale  was  ruled  upon  a  small,  square,  steel  prism  about  100  mm.  long 
and  nearly  5  mm.  square.  The  errors  of  gi'aduation  have  been  determined  by  a 
calibration  at  each  centimeter  point  and  the  fundamental  length  found  by  a  care- 
ful comparison  with  the  standard  half-meter  ruled  for  the  Signal  Service 'by  Prof. 
William  A.  Rogers,  the  correction  of  which  is  known.  These  corrections'  prove 
to  be  quite  insignificant,  but  have  been  applied.  Th(>  cootticientof  expansion  of 
the  German  silver  is  taken  at  .0000185  \yQv  degree  C;  of  the  steel  at  .0000111. 

VAPOR  PRESSURE  TUBES. 

As  already  mentioned  under  the  head  of  improvements,  the  pressure  apparatus 
is  in  the  form  of  a  U  tube.  One  is  shown  in  Fig.  (»,  which  i-epresents  tube  No.  8, 
BO  called.  A  vacuum  of  about  one  millionth  of  an  atmotiiphere  or  less,  as  shown 
by  the  McLeod  ^auge,  is  made  within  the  tube,  the  mercury  is  then  introduced. 
standing  level  m  the  two  branches  of  course,  and  finally  the  water  liberated 
from  a  sealed  capsule. 

The  tubes  first  made  had  an  internal  diameter  of  about  W  mTn.^  \>\i\.  \Ny<^ 
irregular  capillary  action  watf  found  to  give  rise  to  such  very  groaX  >xxioet\a^\V&^ 
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in  ivsiilts  ti)at  imioh  hirj^er  tiibcfi  \vei*e  m'«\»ssiirv.  Two  of  this  character  wero 
<M)n«truot«cl.  Thr»  Spivnj^i'l  air  pump,  aliviuly  lirscri boil,  was  not  available  at 
lirsl,  and  Hoirio  tvib^>  wovo  lilleil  without  it.  ])drticularly  tho  one  \im.'Ci  by  Prof. 
Hazen  at  St.  Vincrent.  mention  of  which  lias  alivody  been  made  in  Appendix  18, 
Annual  licport  Chief  Sit,'nal  Otlicer,  1890. 

The  portable  measuring^  apparatus  prepared  for  his  use  [is  Bhown  in  Fi^.  4, 
except  that  its  tube  ditTered  from  the  one  in  the  drawing*  in  that  tho  bulb  pro- 
jected horizontally  and  ba<rkward  from  the  top  of  the  U,  whero  it  was  joinea  by 
onlv  a  very  short  heck.  This  tube  was  thoroujjhly  washed  and  afterwards  dried 
by  heatinjf  while  bein^r  exhausted  and  IJlled  many  tim^s  with  dry  air.  The 
ehtii*e  tube  was  then  filled  wltli  mercury  drawn  in  th\"Ou;jrh  a  capillary  tube  drawn 
out  fi*c»m  the  bulb.  A  small  quantity  of  thoroufjlily  boiled  distilled  water  was 
next  drawn  in  after  the  mercury  and  the  capillary  tul>o  fused  without  the  ad- 
mission of  any  air.  In  this  condition  of  affairs  the  problem  is  to  drawpff  by 
means  of  an  imperfect  air  pump  all  the  mercury  not  needed  in  the  tube,  leaving 
behind  it,  presumably,  quite  a  perfect  vacuum,  except  for  the  presence  of  water 
vapor.  This  was  notditlicult  to  accomplish,  and  the  oi)eration  is  completed  bv 
fusinj;  oIT  the  outlet  for  the  mercury.  Unfortunately  tnis  process  is  not  capabfe 
of  affording  as  good  a  vacuum  as  was  expected  of  it,  and  several  peculiar  effects 
not  as  yet  niUy  explained  have  shown  themselves  in  the  results. 

The  tube  actually  shown  in  the  figure  is  designated  Xo.  5  in  the  table  of  results, 
and  gave  much  Iwtter  values  both  when  observed  by  means  of  the  cathetometer 
and  with  the  direct  measurement  apparatus  figured',  which  needs  but  little  ex- 
planation. Two  sliding  collars,  a  o,  encircle  the  branches  of  the  U,  and  can  be 
adjusted  by  screw  motion,  so  that  their  lower  edges  an?  exactly  level  with  the 
top  of  the  mercurial  meniscusf^s.  The  scale  and  vernier  reatfing  hundredths 
of  millimetei's,  give  at  once  the  difference  in  level  of  the  two  collars.  A  cor- 
rection for  instrumental  error  is  carefully  determined  by  aid  of  the  eathe- 
tometer.  This  apparatus  leaves  little  to  be  desired  in  point  of  method  of 
measurement,  exee])t  for  the  very  smallest  values.  For  vapor  pressures  at  oi*- 
dinary  tem])eraturcs  above  fi-eeziiig  it  seems  excellently  adapted.  To  eliminate 
the  effects  of  im])erfect  vertical ity,  provision  is  made 'for  I'evolving  the  entire 
apparatus  upon  a  Hxed  and  definite  vertical  axis,  thus  giving  opportunity  to  read 
the  manometer  in  two  positions  differing  1S(P  in  azinuith.  Double  readincr, 
however,  was.  in  some  cases,  avoided  by  use  of  one  of  the  cathetometer  levels 
itself  adjusted  to  indicate  iK'rfect  veftieality  by  revolution  of  the  apparatus 
about  its  axis.  * 

The  manometer  tulK's  thus  far  referivd  to  were  of  a  small  size,  having  an 
internal  diameter  of  nearly  14  mm.  only.  A  larg*^  capillary  correction,  averag*- 
ing  .Uli  to  .(W  mm.,  was  necessary  on  account  of  the  nuu?h  greater  flatness  of  tho 
meniscus  upon  the  vacuum  side'of  the  apparatus;  on  thisiw^coimtthe  results  ))y 
these  tulx»s  arc  less  reliable,  and  much  larger  tulvs  were  afterwards  made  up,  as 
shown  in  Figs.  .0  and  0. 

Ah  the  l>e8t  i-esults  t?an  Ix?  obtained  only  by  much  eai*e  in  the  preiMii'ation  of 
the  apparatus,  the  following  description  is  glVenof  the  i>rocesse8  of  filling  tulje 
No.  1»,  Fig.  5.  Similar  methods  were  followed  in  tho  ermstruction  of  tubes  5, 
«.7,and  S. 

Preparation  nf  tcafcr.  -It  is  desired  in  this  step  to  nearly  fill  a  bmall  capsule 
with  pure  water,  perfectly  free  of  air.  Tho  following  seems  to  be  the  easiest 
method  by  which  this  eoiikl  bo  effectually  accomplished  (see  Fig.  7).  A  small, 
thin  glass  capsule,  «.  is  joined  to  a  bulb,  B,  bv  a  slender  capillary  tube.  Tho 
opposite  porti(m  of  the  capsule  is  drawn  out  into  a  long  capillary  tube  which 
is  Ijent  into  a  crook,  a<»  shown.  The  bulb  is  piwiously  lieariy  filled  with  well- 
boiled  distilled  wat«'r  and  a  few  fragments  of  platlnum'wii*e  added  to  facilitate 
further  boiling.  The  device  is  held  in  anv  convenient  stand  and  a  gas  flame  cau- 
tiously applied  to  the  bulb  and  occasionally  alcmg  the  tubes  and  capsule.  With 
some  caiv  and  not  too  great  haste  the  water  can  ])rt^8t?ntly  bemade  to  boil  readily, 
tlioiigh  throughout  the  whole  process  a  somewhat  violent  explosion  Ls  quite 
j)robabh.'.  In  fact .  se  v< ;ral  have  wcured  in  my  own  exiK»rienoe,  and  it  is  therefore 
advisable  to  protect  the  face  and  eyes  from  possible  injury  bv  a  mask  of  fine  wii-e 
gauze.  Ebullition  once  IxMng  set  up  and  the  steam  issuing  frcelv  from  the  open 
end  of  the  capillary  tub^,  the  latter  is  surrounded  by  a  boak(»r  of  hot  water  into 
which  the  steam  condenses  as  it  issues,  while  any  contained  air  will  escape  in  fine 
bubbles.  Absence  of  bubbles,  however,  is  not  a  certain  evidence  of  tho  absence  of 
air,  as  the  latter  may  bo  very  quickly  absorbed  by  the  water.  At  least  I  have  often 
ohsf'rvctl  im  almost  total  absence  ofair  bubbles  iind  yet  found  appreciable  amounts 
of  air  in  tlw  bulb  and  capsule  when  completed.  To  lessen  this  al»orption  of  air 
U  is  best  genevBlly  to  keep  the  water  lu  l\\e  Aaea^^r  n^^tV's  boiling  hot.    After 
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continuous  lx)ilini,^  for  half  an  lioui*  or  so  it  may  bo  iiiinjjinod  the  air  is  quite  por- 
fi:M'!l\-  Urivfu  out  and  tlu.^  tulv.  uiay  bi?  snalrd.  'Tlii-*  must  hr.  dono  at  exactly  the 
v'liXh'x  irionvriit.  ^At^i^  .soni*'  air  will  {>.»  admitted.  Tin?  fusion  of  tin?  tulx>  can  not  l.)t> 
i-crlainly  mico 'ssful  until  thcro  is  a  partial  vaoMuni  insid*'.  Wbcn  tlu?  bulb  and 
wat#.M'  hiiv.rotdi'd  a  little  Ixflowlho  boiling  point  and  the  water  in  the.  boakorhan 
ri^eTi  widl  u]»  intotho  fino  tul.v  asliarpblowpiiM^llanio  promptly  dir»*ct.<:d  against 
thi'  lubi*  will  inntantly  fuw?  and  closo  it  in  the  mor^t  perfect  manner. 

Wliiii  cf»ld  tho  capillary  tulx^  can  bo  funod  ott  a/ain  close  up  t(»  the  benil  at 
S.  if  not  alieady  doiie.  To  tost  for  the  prcs^nco  of  air  in  the  devici*,  turn  tho 
buMi  over  «*«>  that  the  wat4?r  may  cover  and  How  into  thf!  nock.  J'rcwntly  the 
entire  cBps\di'  will  be  tilled,  with  tho  exception,  ])robably,  (»f  a  most  minute' Inib- 
bh?.  fix»qutMitly  ho  small  as  to  quite  escap'*  detccrtion.  A  fure  indication  of  its 
exist4'nc»'.  however,  is  ^aven  if,  on  tupnin/:^  the  device  over,  the  water  Hows  back 
into  the  l>ulb.  The  smallest  trae*^  of  air  in  tlie  capsule  will  instantly  enlarj^o  in- 
to a  viHible  bubl>le  :i8  the  water  tlows  back  Into  the  bulb.  I  f,  however,  no  air  is 
]>res>'nt  the  water  can  not  1m?  mad*,'  to  How  out  of  the  capsule  even  with  sevens 
shakiu'i'.  It  can  Ihj  ntarted  only  by  heatim^  cautinusly,  and  tlieu  it  ptarts  with 
cf>nsiderabl(;  violence. 

llavin;^  by  these  means  satisfied  (Uio's  self  of  the  absence  of  air,  and  having' 
fniptied  the  capsule  of  any  water  i)laee<l  thei'e,  the  further  y)urilloati(m  of  tin? 
water,  which,  owin^  to  the  Ion?  boilinjr  ha**  doubtless  dissolved  some  silica  from 
the  irlasH.  is  next  effected  by  dipjnuir  tho  ca[is\de  into  ice  water:  distillation  at 
i»nee  setH  u]).  and  at  acomj)aratively  low  temiM?rature,  since  the  evaporation  from 
the  bulb  soon  lowen*  Itij  temperature  t/)  nearly  that  of  tho  cajrsule.  Some  time 
will  elapse  Ixrforo  the  latter  is  quite-  full  of  the  newly  tlistilled  water.  Only  a 
small  vacant  spar-e  should  Im*  left  in  the  capillary  neck  and  the  ennsule  fust>d  olT 
r**ady  for  weo, 

}ytt:*fiintj, — It  is  advisal>1o  to  always  witsh  thorouirhly  the  inside  of  the  ap- 
paratus. A  small  quantity  of  strong  nitric  acid  is  tirst  intivjduced,  lieated,  and 
i^haken  al)0ut  as  violently  as  ])ossible  into  evi'ry  ]>art  of  tie?  up]>aratus.  After 
wa!?hinjr  this  out  jiretty  well  with  ordinary  waUr  a  eream-1  ike  mixture  of  fino 
tissue-imper  pulp  with  whitinjf  and  water,  ofltrn  with  eauslie  potash  in  wdution. 
is  next  shaken  alHiut  thoron^rhly  In  '•\ery  j)ortion  of  tin-  tu)H»s.  'J'his  material 
8<?emrt  to  ]>ut  the  jrlass  surfaces  into  an  excellent  condition.  Many  chanj^es  df 
ordinary  water  are  thr*n  passed  throu«5h  the  tulMS.  followed  by  s«.'veral  chanLfes 
iii  diHtilliHl  water.  The  last  is  drained  out  <iuit<'  tliorouj^ldy  and  a  few  charires 
<if  stron;^  ahrohol  passed  thri»u^''h.  The  tube  i^  now  really  to  Iv?  atta<.'hed  t^>  the 
])unip  for  dryinjr,  et<'. 

The  aitiK'hment  of  tin?  apjiaratus  to  the  pump  involves  the  preparati<ni  for  all 
the  sulw»'qnentoi)erationsof  dryinjr.  exhjiustion.nilini^r  with  mereiiry,  and  Intro- 
duction of  tho  water.  The  complete  arran£;ement  is  shown  in  V'i\s.  i>.  The  d«- 
v!0»' in  Avhich  the  water  capsule  is  manipulated  is  provided  for  lirst.  A  wld»' 
tulie,  f>,  is  fitted  at  one  end  with  a  1-way  en-cross  eonne<tion.  ./■;  one  ann  of  thi^  is 
lient  and  joined  by  fusion  1o  the  j^ressiire  IijIm'. 

The  whole  affair  i>^  then  laid  m  arly  flat  upon  sonn- ejnivi-nitMit  und  suitabli*  sup- 
]K>rt  near  the  air  puni]).  aslij:rht  inclination  lj«dnLr  u-'iven  it  in  such  manner  that 
the  mercury,  whieh  will  Ik'  introiluced  at  the  oulN-t  »^  may  How  ;r''ntly  into  the 
enlarged  mauomi'trr  tulN-s,  lii'st  into  the  on«'.  thene-'  ovei'liow  in>r  into  tlur  other, 
until  l)otharei)artly  tilled,  anil  asulTleifnt  (iiiantity  introd\icid.  The  wab-r  cap- 
.<iule  with  its  slender  crooked  endbidiind  is  slid  u])  into  tin-  lai-ji-i'  jiortion  of  tubi* 
ff .  aft<»' which  the  oyx?n  end  is  niceiy  elos-.-d  l»y  means  of  tin-  i)!a'?t  lamp. 

The  two  remain  in**"  arms  of  the  cr(»ss  x  ar-e  joined  resrH'<'tively  t«»  the  Spn  iiu«-i 
and  the  ordinary  air  pump,  the  latter  c<»niU'etion  Indny:  llirou;;h  a  IuIh^.  M-vi-ra! 
decimeters  lonif,  containinjr  sf>m<;  soft,  cl^■an  linen  and  eotton  loo.-eiy  paek«Mi.  i 
have  always  had  troubli- in  the  use  of  rubb-r  tubiriLi'.  fr-tmi  tli»-  fine  sn'.phuiv.ns 
du.st  i)enotratinf|f  the  apparatus  ,and  st'riously  intcrfeiin'j-  with  tin-  purity  of  the 
meriiury.  The  Cotton  strains  th**  air  and  the  linen  riM'rl.er  jirevnt^ -iireth  <»f 
cotlrmes«'apinsf  out  of  thestniiner  tulx*.  Ther\il>!M'r  tid-irii:  C(»nn«.*et.«*  (ir*^t  with  a 
s!phon  manometer;  thence,  under  <?ontrol  of  a  valvi-.  with  the  air  inunr-.  or  with 
uryiny:  tubes  throu«,'h  whidi  air  may  bo  atlinilti.-fl.  At  thf  ouil.-t  m  i'- joiji.-d  a 
small  tu)w»,  as  shown.  Tim  lu'Iij-ht  of  this  is  cri't-at^r  by  st-veral  ei.-nliinetej-fH  thari 
the  barometric  hcijrht.  To  thmnercury  Hask  into  which  this  tnlM-  dips  isalsoeon- 
neeted,  as  shown,  a  small  manometer  and  conipre<slr)n  syrim,*^!'. 

The»e  arrangements  and  connections  Indn^r  all  made!  wr  may  }»nM'e«  d  at  once 
to  dry  the  apparatus,  whieh  is  effect^'d  by  repeatt-fj  exhaustion's  with  tlif  liarrel 
]jnni]).  followed,  in  eaeh  instance,  by  the  slow  ailmi>sion  m'  «lry  air.  and.  in  the 
mean  time.  bti"on;fly  healin<r  all  j»arts  with  a  Ihuwi^i  burner. 

Two  of  Ihe  drying  tubes  used  cont'dhwd  iiaely-diviiied  ivuhvdwivxs  eUXoYVsXvi  viV 
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nalciuni :  a  third,  concentrated  sulphuric  acid  and  pumice  stone.   The  aggregate 
length  of  drying  materials  was  about  1  meter. 

This  operation  is  repeated  from  twenty  to  thirty  times.  At  last  the  vacuum 
is  made  as  perfect  as  jwssible  and  the  strainer  tube  fused  off  at  6.  The  Sprengel 
is  next  set  in  action  and  allowed  to  perfect  the  vacuum.  In  general,  the  pump 
has  continued  in  action  during  about  two  days,  though  at  rest  at  night.  Onlv 
after  such  a  length  of  time  would  the  vacuum  show  its  highest  value,  and  thfe 
would  always  occur  long  after  the  mercury  fell  with  a  clear  metallic  click,  and 
seemingly  contained  or  caiTied  out  no  air. 

The  vacuum  being  attained,  the  mercury  is  made  to  flow  into  the  pressure 
tubes  by  compressing  air  in  the  mercury  bottle.  The  throe- way  valve  at  V  i)er- 
mits  stopping  the  flow  at  any  iiistant,  and  the  manometer  tube  always  shows  the 
excess  of  pressure  inside  the  mercury  bottle. 

Tests  have  been  made  to  see  if  air  was  introduced  into  the  apparatus  with  the 
mercury.  This  has  never  been  shown  by  the  pressure  gauge.  Even  had  air 
been  admitted  it  may  still  be  removed  by  tlie  pump. 

The  mercury  used  has  always  been  of  the  best  quality,  purified  shortly  before 
use  by  washing  with  dilute  nitric  acid  and  afterwards  distilling  in  a  vacuum 
still.  "  Its  density  has  not  been  directly  determined. 

Liberation  of  the  vxiter, — There  seems  to  be  only  three  ways  of  breaking  the 
capsule,  one  by  heating  until  the  expansion  bursts  the  envelope,  a  second  by 
freezing,  and  a  third  by  mechanical  means.  For  this  latter  purpose  the  capil- 
lary end  of  the  capsule  is  purx)osely  left  slender  and  crooked,  as  ehown  in  Fig. 
7.  When  made  to  fall  to  the  bottom  of  tube  a,  and  strike  upon  tl^e  delicate  end, 
the  latter  is  quite  sure  to  bi*eak  off.  This  is  probably  the  least  troublesome  and 
most  certain  of  all  the  methods,  and  is  easily  effected  after  the  communication 
with  the  air  pump  is  cut  off,  by  promptly  raising  the  pressure  tube  to  a  vertical 
position.  A  small  portion,  generally  not  more  than  one-third,  of  the  water  in 
the  capsule  is  next  distilled  into  the  bulb,  which  is  surrounded  with  shaved 
ice.  It  is  imagined  that  the  purity  of  the  water  thus  obtained  is  practically  per- 
fect. When  a  half  cubic  centimeter,  or  less,  has  distilled  over,  the  tube  a  is 
fused  off  at  c.    For  use  the  device  is  mounted  in  the  support  shown  in  Fi^.  5. 

In  order  to  make  certain  that  there  could  be  no  difference  of  level  in  the  two 
mercurial  colunms  before  the  water  vapor  was  released,  direct  observations  with 
the  cathetometer  in  some  cases  were  made  before  the  water  capsule  was  broken. 
Seeming  differences  of  level  found  in  this  way  were  very  small  and  so  irregular 
as  to  prove  themselves  nothing  more  than  errors  of  observation. 

After  such  experiments  the  water  capsule  was  generally  broken  by  freezing, 
seemingly  a  very  simple  operation  but  in  reality  one  that  gave  very  much 
trouble,  and,  in  some  instances,  resulted  disastrously  by  the  bursting  of  the 
outer  vessel  as  well  as  the  capsule ;  the  sharp-pointed  end  of  the  latter  being 
driven  quite  through  the  heavy  bottom  of  tube  a.  This  was  afterwards  avoided 
by  standing  the  capsule  on  its  long  slender  end,  which  had  not  sufficient  strength 
in  itself  to  pierce  the  outer  tube  and  also  served  to  break  the  force  of  the  ex- 
plosion of  the  capsule. 

Various  somewhat  remarkable  i)eculiarities  wei*e  observed  respeotinf  the 
freezing  of  the  water,  but  are  discussed  separately  in  a  note  at  the  end  of  this 
paper. 

METHOD  OF  OBSERVATION. 

Some  reference  has  already  been  made  to  the  correct  principles  of  observing 
the  top  of  a  mercurial  column ;  these  have  been  realized  as  nearly  as  possible,  as 
follows :  The  shade  collars  b  6,  at  the  time  of  observation,  are  adjusted  very 
close  to  the  top  of  the  column.  A  strong  white  light  from  an  adjacent  window, 
screened  by  tissue  paper  is  reflected  from  behind  by  a  mirror.  Such  means  proi>erl  v 
arranged  give  in  the  telescope  a  very  clear-cut  image  of  the  mercury,  with  a  bril- 
liant line  of  light  above  it.  All  light  of  any  intensity  from  the  front  should  be 
cut  off  by  any  convenient  screens.  Following  such  methods  and  with  wide  tubes 
the  black  shade  line  a',  b\  c',  Fig.  1,  must  coincide  very  closely  with  the  top  of  the 
mercurial  meniscuses.  The  aperatui*e  of  the  telescope'is  cut  down  by  a  diaphragm 
to  about  one  centimeter.  After  feome  trials  I  have  preferred  to  use  a  single  cross ' 
wire  in  the  micrometer,  which  is  brought  down  to  coincidence  with  the  black 
mercury  1  ine.  These  methods  of  sighting  admit  of  very  excellent  results,  but  I  have 
endeavored  to  avoid  the  effects  of  small  constant  errors  by  continued  readjust- 
ment of  the  collars  between  observations,  pla<5injr  them  at  slightly  different  dis- 
tances, rarely  or  never  exceeding  one-thii'd  mUl-jiioter. 
The  scale,  when  used,  hangs  vertically  between  the  two  branches  of  the  U,  aa 

docs  also  a  thcnnoweier  for  indicating  tVio  aiv  Xjemv^vature  about  the  manometer. 

Theae  are  seen  ia  the  di^uAring.    Sudden  ch^ugea  Vo.  \Am^x^Vas^  «e^  \ffiuened 
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by  wholly  aurroundlngr  the  manometer  with  »  box-like  caeo  made  of  blotting 
paper.  Oaly  the  topB  of  the  merourial  columns  are  visible.  The  scale  may  bu 
moved  up  and  down  to  bring  new  portioiiB  into  use.  Perfect  illumination  is  in- 
dispensable. A  mirror  is  arran(,'¥(l  in  front  tn  render  the  divisions  of  the  scale 
very  clear.  The  dlBtanco  of  each  object  from  the  teleecope  is  carefully  adjuHl«d 
by  use  of  a  slender  measuriag  atick ;  the  proper  focal  distance  being  determined 
unce  for  all  by  careful  adjustments.    The  telescope  lenses  are  not  moved  at  all. 

For  pressures  at  the  temperature  of  melting-  ice  tho  bulb  containing  the  water 
in  packed  in  shaved  ice.  The  temperature  is  almost  instantly  at  its  minimum. 
The  water  in  the  bulb  can  not  long-  remain  at  a  higher  temperature  than  the 
walls  of  the  bulb  because  of  the  evaporation  and  difitillatlon  ti-om  tho  warmer  to 
the  colder  spot.    This  effect  is  by  no  means  so  rapid  if  some  air  Iki  present. 

■'-    -  <s  observations  of  the  ' '  ' 


e  pressure  at  temperatur 


n  nearly  as  possi- 


^    .,  y  well  with  those  obtained  in  ice,  par- 

ticularly in  the  case  of  the  largei^sized  tubes.    If,  however,  the  water  in  the  bulb 
was  frozen,  as  occurred  after  making-  observations  at  low  temperatures,  then  the 

Cresaure  at  a  temperature  a  triDe  above  the  melting  point  woe  never  quite  as 
igh  as  it  should  t>e  until  after  all  the  ice  in  the  bulb  hod  melted.  The  results 
obtained  under  these  circumBtoncos,  excepting,  however,  cases  with  the  Ice  in- 
side the  bulb  only  partly  melted,  are  grivcn  in  Table  II,  immediately  following 
the  observations  "  in  ice." 

For  pressures  at  temperatures  below  the  freezing  point  the  bulb  is  immersed 
in  the  alcohol  of  tho  low-temperaturo  bath,  the  temperature  of  which  is  indicated 
by  at  least  two,  and  sometitaies  more  thermometers,  the  readings  of  which  are 
made  direct  with  the  aid  of  a  hand  magnifying  glass.  All  thermometers  used 
have  been  directly  compared  with  the  Signal  Service  air  thermometer.  In  tho 
caae  of  temperatures  below  the  freezing  point  of  mercury  onlv  one  alcohol  tber- 
momet«r  has  been  used.  The  adhesion  of  the  alcohol  to  the  walls  of  the  thermome- 
1«r  tube  proved  very  troublesome.  Its  indications  have,  however,  been  corrected, 
as  follows:  The  alcohol  thermometer  was  kept  in  the  bath  oa  the  temperature 
was  lowered.  At  — 2fP  or— 3CP  and  — 35°  readings  with  the  mercurial  thermome- 
ters were  recorded.  In  all  cases  where  tho  low-temperature  apparatus  has  been 
used  obsM^ations  have  always  boon  mado  in  passing  from  a  higher  to  a  lower  tem- 

Kratureond  then  repeated,  coming  from  thelowost  to  the  highest.  In  returning 
tm  the  lowest  temperature  the  alcohol  thermometer  is  then  again  read  with  the 
'merciurial  thermometers  at  — 35^  and  ^3(P  F.  Its  olllcial  corrections  are  then 
modified  as  the  occasion  may  require,  to  make  its  indicationsagree  with  the  mer- 
curials at  — 3(P  and  —35°.  This  modidcation  bus  generally  been  effected  by  aid  of 
a  curve  representing  the  conditions. 

The  following  extract  from  the  original  record  of  observations  will  show  how 
the  greater  port  of  these  were  taken : 

May  9, 1891. 
Vapor  pressure  tube  No.  8. 


Time. 

f 

Micromete 

r  readings. 

r  readings. 

Dry. 

Wet. 

tureotbath. 

Wet. 

Dry. 

i 

5 

2 

a 

No. 
15M. 

No. 
9704. 

0 

1 

hi 

5 

fl.32 

10.00 

10.0 
70.3 

27 

27 

C.2 
9.1 

13 
13 

19.9 
22.3 

25.03 

25.10 

25.13 
25.20 

13 
13 

i:S 

27 
27 

9.3 
7.4 

The  hfttb  Is  first  regulated  to  as  nearly  astationary  temperaturo  asmay  boand 
allowed  to  stand  a  moment  while  the  mercurial  surfaces  quiet  themselves  suBH- 
oiently  to  admit  of  observation.  The  ii>udings  in  the  first  horizontal  line  are 
then  made  in  the  order  i-eeorded  from  lo(t  tu  right.  The  bath  Is  again  thor- 
oughly BtiiTed  and  readings  taken  in  the  reverse  order  from  right  to  left.  In 
some  cases  an  additional  complete  set  of  readings  have  been  Immediately-  AaicAYL 
at  the  same  tomperature;  generally,  however,  the  tem-perature  \s  tiB3A,c'b)m%cA.^ 
■vandafou/w  observations  taken.    Each  group  ol  oWrvVOnu  'Cu>»(i^»- 
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tained  is  reduced  to  a  mean  result,  which  is  then  corrected  for  all  instrumental 
orrors,  etc.  Tables  I  and  II,  below,  give  the  mean  results  thus  obtained.  The 
tomperatui*cB  are  in  Fahrenlieit  units,  according  to  the  Signal  Service  standard  air 
thermometer;  the  pressures  are  in  millimeters  of  mercury  at  tempaturefl  of  melt- 
ing ice  and  under  normal  gravity.         ' 

The  column  of  dilTerencos  exhibit  the  disagreement  between  the  values  found 
by  these  exporimonts  and  those  given  in  Broch's  table  of  Regnault's  observa- 
tions. It  will  be  noticed.  (1)  that  below  32^  the  observed  values  are,  without  ex- 
ception lower  than  the  tabular  values;  (2)  that  the  agreement  at  32^  is  very  close: 
and  (3)  that  above  32-^  the  best  results,  namely,  those  from  tubes  numbers  8  and 
tf  are,  without  exception,  higher  than  the  tabular  values. 

Table  I. 


No.  of 
tube. 


/  'I 


8 
9 
9 

8 
8 
8 
9 

8 
8 
8 
9 

8 
8 
9 

8 
8 
8 
9 

R 

s 


Dura- 
tion of 
obser- 
vation. 


8 
8 

Min, 

8 
8 
9 

........ 

8 
8 
9 

........ 

8 
8 
9 

........ 

8 
8 

........ 

13 

18 


21 


17 


18 


Tem- 
pera- 
ture. 


80.05 
79.84 

74.65 

75. 08 
74. 93 

09. 91 
69. 58 
69.88 

64.76 
64.59 
64.91 

59.41 

59. 80 
59.  78 

59. 17 
59.  99 

54. 91 

55. 18 
55.  04 
55. 23 

49.22 
49.86 
49.87 

50. 09 

44.78 
44. 75 
44.  94 

39. 44 
.19.  {\'< 
40. 07 
39.  70 


34.  9.1 


Pres- 
sure. 


mm. 
26.279 
26.106 

21.957 
22.268 
22. 171 

18.747 
18.541 
18. 732 

15. 696 
15. 681 
1.5. 764 

12. 993 
13.17S 
13. 143 
12.904 
13.  246 

11.080 
11.163 
11.123 
11.151 

8.947 
9. 154 
9. 153 
9.  239 

7.5.^4 

i.i>9.) 

7.614 

6.  166 
6.  256 
6.297 
6.217 


^  I  • 

U  it,  ^ 
CD'S  ^ 


.271 

.281 

.213 


.208 
.217 

.213 
.210 
.209 

.172 
.144 
.153 

.131 
.142 

.115 
.  149 
.118 

.137 
.112 
.130 

.079 

.oa') 

.  (Ki3 
.  056 
.069 

.037 

.088 
.  051 

.041 

.021 

.028 


Tube  No.  4. 


;i 


:W.  fWJ       5.  HJ4    — 


0. 


171    - 


.  025 
.032 


Tem: 
pera- 
ture. 


Pres- 
sure. 


82.94 


68.05 


m.  68 
t55. 14 
63.  :u 

62. 33 
59. 04 

58.  ()4 


56. 03 
55.29 


53. 33 


mm. 
28.573 


17. 374 


16.732 
15. 767 
14.806 

14.221 
12.776 
12.577 


11.394 
11. 141 


10.334 


—  .004 

±.000 
-f- .  125 

49. 4(i  I    8. 858    +  .'  m 


52. 00       9. 8.38 
51.39  j     9.488 


?  »  S 

gsas 


—  .013 


+  .016 


—  .052 

—  .032 

—  .0:^4 

+  .038 

—  .086 

—  .065 


—  .001 

—  .04a 


4(J.  11 


4.   I 


8C 


+  .11!) 


w 


L 


..lA 
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Table  II. 


No.  of 
tube. 


4 
4 

5 
5 
6 

7 
8 
8 
8 
9 


5 

5* 

G 

8 

8 

8 

9 

9 


5 

5 

6* 

0 

8 

8 

8 

8 

9 

9 

9 

5* 

5 

5 

5 

8 

8 

8 

8 

9 

9 

5* 

5 

6 

6 

8 

8 

8 

8 

9 

9 


Duration 
of     . 
o]>8erva- 
tion. 


Min. 


9 


15 

25 
♦> 

5 


6 


13 

I 

14 

14 

5 


6 


15 
5 


14 


13 
G 


14 
4 


Tenii)ora- 
ture. 


-F. 


Bulb 

packed 

in  ice. 


31.83 
31.30 
31.73 
31.80 
31.74 
31.82 
32. 03 
32.  (33 
31.51 

25,50 
25.  i)4 

24.  8G 
25.84 
25.89 

25.  \}{\ 
24.  i)0 
24.  HT) 
24.  99 
24.  70 
24.78 

19.81 
19.87 
19.  87 
19.91 
19.f)4 
19.94 
19.  9G 
19. 88 
19. 98 
19.83 

14.74 
14. 70 
14.93 
14.74 
14.80 
14.84 
14.fV4 
15.07 
14.97 
14.  78 


Pressure. 


mm. 
4.  iu)H 
4. 595 

4. 5;n 

4. 5(>2 
4. 554 
4. 58r. 
4. 575 
4. 580 
4. 584 
4.  50!) 

4.  487 
4.  373 
4.  445 
4.  349 
4. 5.35 
4.494 
4. 578 
4.  G79 
4. 505 

3.  372 
3. 409 
3.213 
3. 438 
3. 402 
3. 477 
3. 2:^7 
3. 298 
3.  298 
3.  243 
3.310 

2.501 
2. 547 
2. 501 
2. 510 
2.  57G 
2.008 
2. 032 
2.G12 
2. 598 
2.018 

1.945 
1.973 
2.(K)5 
1.9(m 
1.973 
2. 034 
2.040 
2.071 
2. 0G5 
2. 056 


Difrei-ence, 
table 
minus 

observed. 


+  .011 

—  .  02f) 
--.030 
--.007 

—  .015 

—  .017 

—  .0(X) 

—  .011 

—  .01=) 
+  .003 

+  .052 
4-  .009 
+  .075 
+  .184 

—  .012 
+  .042 

—  .005 
+  .00G 

—  .024 


.135 
.IGl 
.201 
.119 
.098 
.090 
.185 
.110 
.  1.34 
.148 
.094 


+  .263 
-f- .  223 
-[-.209 
+  .204 
+  .202 
+  .  170 
H-.149 
+  .ltK) 
+  .185 
+  .148 

+  .277 
4-  .  2;"')0 
+  .  2.30 
+  .  310 
+  .  254 
-[-.190 
+  .  195 
+  .  18.3 
+  .  179 
+  .109 


tMdtnfs  on  tube  No.  5  were  made  nitb  direct  measurement  apyaxavaa  ^im'9\%.^« 
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Table  II— Continued. 


Duration 

Diflerfnce, 

No.  of 

of 

Tc-TOiiora- 

table 

tube. 

obnerva- 

tioM. 

observed. 

JftJI. 

^F. 

mm 

G» 

7 

9.4U 

].4(i:i 

-.296 

C 

B.aB 

1.497 

-.279 

« 
8 
8 
8 

().tl8 
i».73 
il.»l 
ll.«4 

1..-.72 
1.564 
1..'".29 

1.5118 
1.544 

; 

-.231 
-.226 
-.238 
-.253 

-.198 
-.255 

_......... 

6 

1.1 

fl.iHI 

1.527 

-,268 

8 

5 

laoa 

1.B09 

-.196 

8 

16 

10.14 

1.640 

-.174 

U 

14 

a.  ir. 

l.GISt 

-.180 

» 

11 

9.72 

1.012 

- 

-.168 

5 
& 
5" 

4.52 
4.83 
5.07 

1.1.50 
1.215 

1.196 

; 

-.257 
-.219 

-.248 

7'*" 

6» 

6 

1. 135 

-.295 

a 
s 

4.80 
4.90 

1.192 
1.209 

; 

-.234 

(-.228 

8 

.1.14 

1.243 

-.206 

H 

""is"' 

4.9.) 

1.180 

-.255 

a 

15 

4.8j) 

1.209 

-.221 

8 

II 

r..02 

LS-T] 

-.204 

8 

4.78 

1.22i 

-.200 

il 

17 

5.08 

1.284 

-.160 

9 

21 

5.08 

1,261 

-.18:) 

9 

IS 

5.1(1 

1.275 

-.175 

4 

-  0.  ir. 

0.962 

-.172 

6 

"#— 

+  2.94 

+  2.ai 

1.087 

-.221 

.5 

1.042 

-.214 

5 
6 
5» 

—  a97 

—  0.96 
+  0. 1.1 

0.874 

0.878 
0.913 

-.217 
-.213 
-.235 

7'"" 

5" 

e 

—  0.18 

0.866 

-.266 

& 
5 

-1.80 

0.858 
0.826 

-.190' 
-.193 

6 

8 
8 

—  a2M 

+  0.08 

—  0.08 

0.903 
0.977 

0.960 

-.223 
-.168 
-.172 

8 

'  "ii 

—  0.00 

0.931 

-.207 

8 

15 

-0.06 

0.901 

-.237 

8 

6 

+  0.07 

0.961 

-.184 

8 

4 

—  0.0» 

0.963 

-.174 

8 

4 

—  o.oe 

0.923 

-.215 

fl 

18 

+  0.02 
+  0.M 

0.997 

-.145 

9 

IS 

0.997 

-.146 

« 

5 

-O.IG 

0.984 

-.160 

6 
6 

—  5.58 
-5.30 

01699 

-.187 
-.185 

.......... 

5* 

—  5.04 

0.878 

-.220 

5» 

6 

—  5.31 

0.651 

-.235 

6 

—  &.m 

0.676 

-.211 

8 
8 

—  4.98 

—  5.09 

0.745 

0.684 

-.166 
-.212 

-..--.... 

•  3%«M  rMdIiws  OB  tnbe  No.  ft  were  made  wUb  <iii«ct  m 
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Table  II— Continued,     , 


Duration 

Difference, 

No.  o[ 

of 

Tempera- 

PreHsura. 

table 

tube. 

observa- 

ture. 

tion. 

observed. 

Min. 

-  J^. 

mm 

8 

1.^ 

—  5.02 

0.717 

-  .  182 

8 

6 

—  r..  iH 

0.721 

-.171 

8 

a 

—  4.94 

0.  T4S1 

-  .  1.54 

8 

—  r..34 

(I  (i«7 

-.198 

11 

16 

—  r>.if( 

0. 743 

-  .  151 

U 

U 

It.  737 

-.151 

9 

6 

-  :.:i7 

0. 753 

- 

-.139 

5 
5* 

— 10. 26 
-10.26 
—  10.31 

0..-,4l 

0.541 
0.190 

; 

-  .  1.>1 
1-  .  1.54 
-.204 

i   "" 

5 

—  10.05 

0.1W) 

-.22.-) 

8 

-  10. 32 

(I..i71 

8 
8 

—  10.00 
-10.07 

11.558 
0.  5tt« 

; 

-!l47 
-.133 

h"" 

8 

6 

—  10. 18 

ii.54;t 

fi 

—  10. 18 

0..522 

-!l77 

8 

—  D.ei 

0.5.5:1 

r  .  158 

l."i 

—  10. 21 

0.573 

1-  .134 

0 

12 

—  10.28 

0.567 

-.128 

9 

e 

—  10.28 

0.  .57S 

- 

-.117 

5" 

s 

—  15.34 

0. 378 

H 

-.160 

ft* 
5 

7 

—  15.00 
— 15. 16 

Ii.3(i4 

0. 407 

■ 

-.182 
-.136 

-15.16 

0. 107 

..13G 

8 

h"" 

—  1.5. 00 

it.WI 

- 

■,113 

8 

8 

—  14.1)1 

0.  107 

■  .14;! 

8 

(t 

-15.04 

(I.HM 

-  .  143 

8 

h 

—  H.W 

II.  110 

-.140 

e 

J5 

—  15.02 

II.  113 

-- 

■ .  ia5 

1) 

IR 

—  14.44 

0. 4in 

- 

.  .  115 

0 

6 

—  15.20 

0.-133 

-.107 

5" 

7 

-20.85 

0.211 

J 

-.163 

5 

—  20.85 

0.247 

-.157 

ft 
5 

—  20.85 

—  20.85 

0.2s  1 

a  281 

- 

.123 

-.123 

8 

8" 

—  19.96 

0.312 

_ 

-.113 

8 

7 

—  20.00 

0.318 

-.103 

8 

7 

—  20.08 

0.284 

- 

-.137 

8 

7 

-19.84 

0.303 

■ 

-.124 

8 

:u 

—  19.63 

0. 323 

■ 

-.108 

fl 

m 

—  20.W 

0.335 

- 

-.087 

9 

21 

—  20.03 

0.335 

-.087 

9 

C 

—  20.02 

0.3;i5 

■ 

-.087 

9 

6 

—  19.91 

0.330 

■ 

-.08!) 

9 

—  20.45 

0.331 

-.082 

5- 

13 

—  25.62 

0. 185 

5* 

a 

—  26.02 

0.171! 

8 

tt 

-25.01! 

0. 3011 

8 

0. 31.', 

8 

5 

—  24.91 

0.246 

9 

27 

—  3.5.00 

0.357 

9 

23 

—  25.12 

0.218 

tl 

17 

—  25. 2B 

0.311) 

-2.5.37 

0.  -m 

1) 

—  2.5.33 

0.2611 

0 

■1 

0,  2.55 

\ 

nemnde  wlUi  direct  meaaiuement  vn^xWn^  (^MflSrl^ 
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Table  II— Continued. 


Duration 

Difference, 

No.  of 
tubo. 

of 
observa- 

Temi^orar 
turo. 

Pl\3HbUI*e. 

table 
minus 

f 

tions. 

observed. 

Min, 

-F. 

mm. 

T)* 

9 

—  29.85 

0. 131 

8 

9 

—  80. 3.3 

0. 139 

8 

6 

—  30. 00 

0. 151 

8 

5 

—  30. 73 

0. 169 

8 

« 

—  29. 72 

0.170 

9 

2:^ 

—  29.91 

0.190 

9 

24 

—  30. 06 

0. 189 

9 

« 

—  30.28 

0.190 

0 

7 

—  30. 21 

0.194 

0 

5 

—  2<K  73 

0.199 

0 

4 

—  30. 12 

0.193 

5* 

8 

—  35.00 

—  :i5.24 

0.095 
0.097 

'""is"" 

8 

1 

.  —  35.06 

0.086 

8 

6 

34. 75 

0.119 

8 

8 

—  34. 11 

0.122 

9 

22 

—  35.03 

0.144 

9 

30 

—  35. 12 

0.144 

9 

7 

34. 99 

0.146 

9 

6 

—  34.96 

0.139 

9 

6 

-  34. 84 

0. 153 

9 

4 

—  35. 0:3 

0. 151 

8 
8 

-  41.  20 

—  39. 02 

0.081 
0. 097 

4"'" 

8 

11 

41.51 

0.  (H»l 

8 

pm 

< 

40. 10 

0. 077 

8 

—  42. 40 

—  41.10 

0. 055 
•0.102 

9 

5 

—  .'i9. 55 

0.  116 

1) 

4 

—  39.  02 

0.110 

9 

—  39.  85 

0.111 

8 

—  44. 75 

0. 0>i2 

8 

9 

45.  30 

0. 049 

8 

—  44. 50 

0. 054 

1 

8 

—  47. 20 

—  45. 50 

0.044 
0. 079 

4' 

1) 

4 

—  43.  50 

0.  <wr, 

i) 

•    .') 

45.  (X) 

0. 082 

J) 

(i 

—  45. 17 

0.  OS.-, 

S 

S 

48.82 

0. 062 

8 

\ 

—  4!).  7X 

(».  a")fi 

8 

1.") 

—  50.40 

0.  (K»45 

8 
S 
1> 

—  49.  on 

52.2(» 

51).  SS 

0.020 
(».0l5 

0.  o:>9 

.  ,  .  _ 

mm 

t 

9 

7 

—  5t).  (K) 

0.0«i2 

1) 

4 

50.  10 

o.or»s 

9 

« 

49.  05 

0. 0(>3 

S 

11 

—  5(>.  05 

—  0.0005 

8 
9 

55.  20 
—  5.">.  10 

().(H7 
0. 044 

4     " 

9 

•'> 

—  5."!.  (}-J 

0.045 

• 

9 

■ 

11 

-  51.70 

0.  050 

• 

» 

—  5S.  80 

—  60. 95 

0.004 
0.043 

/        •'> 

6'"" 

f 

« 

\                    \                    \ 

^ These  readlDss  on  tubo  No.  5  were  made  vrVili  CLVrecim«M^a»iwrDX%iRi^Ki*i»Vji*'l^«r^^ 
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RE8PBCT1VE  ACCURACY  OF  TUBES  AND  COMBINATION  OF  RESULTS. 

The  foUowiDg  ramarks  are  here  given  to  indicate,  according  to  my  knowl- 
edge, the  degree  of  dependence  that  may  bo  placed  upon  the  results  from  the 
i-e«)ective  tubes : 

Tulxjs  Noa.  4,  5,  and  6  were  all  of  small  dimensions  :  that  is,  the  manometric 
colummi  were  about  13.5  mm.  diameter,  and  the  dilTeronceH  in  capillary  action, 
as  indicated  by  the  unequal  convexity  of  the  mercurial  monisouses,  were  always 
ISrreat  and  in  some  instances  excessive,  a  maximum  correction  of  nearly  0.1  mm. 
having  been  applied.  To  determine  these  cori'ections  t  he  height  of  the'  capillary 
mcniscuses  were  frequently  measured  during  observations,  and  cori'ections  have, 
in  all  cases,  been  taken  fi*om  tables  calculated  by  Delcros  after  tho  formulae  of 
Schleirermacher,  and  given  in  the  Smithsonian  meteorological  and  physical 
tables.  They  are  confessedly  unsatisfactory,  but  no  Ix'ttor  course  ap]>eared  ik)s- 
s»ible. 

Tube  No.  4  X  consider  the  least  reliable  of  any.  It  was  tilled  without  tho  aid 
of  the  Sprengel  pump,  and  the  vacuum  is  known  to  bj  imporfcct.  Very  few 
observations  were  made,  except  above  32 ^  and  these  L  regard  as  of  little  ac- 
curacy. 

Tube  Xo.  5  is  the  best  of  the  small  tubes,  being  very  perfectly  exhausted.  Its 
only  defect  is  unequal  capillarity;  a  correction  of  from  0.065  to  0.1 10  mm.  having 
been  applied  on  ditferent  occasions.  Without  this  correction  the  prcissures  would, 
in  all  cases,  have  been  higher.  In  the  tii*st  observations  made  with  tube  No.  5 
the  differences  of  level  were  measured  by  aid  of  the  cathetomotcr.  The  tube 
waa  afterwards  mounted  in  the  measuring-  apparatus  shown  in  Fig.  4,  and  a 
complete  series  of  observations  made.  All  results  o})tained  in  thU  way  ai*e 
marked  with  an  asterisk  in  Table  li. 

but  accidentally  broke 


large  manometric  columns  and  was 
constructed  to  show  whetlier  or  not  the  dimensions  of  the  bulb  and  parts  had  any 
efToct  ui>on  the  pressure  of  the  water  vapor  and  whether  any  change  in  the  pi*ess- 
uro  could  be  produced  by  greatly  heating  the  parts  of  the  apjparatus  not  imme- 
diately containing  the  water.  The  manometer  tubes  had  an  internal  diameter 
of  about  25  mm.,  andonon'e  side  were  fitted  with  two  bulbs  much  after  the  fashion 
of  tube  No.  8,  shown  in  Fig.  (>.  The  small  bulb  had  a  diameter  of  about  2  cm., 
while  that  of  the  large  bulb  waa  over  10  cm.  in  diameter  with  a  ciipacitv  of  over 
500  c.c.  Ol»ervat ions  with  the  small  bulb  in  ice  were  lirst  luadti  witii  the  air 
tem|)orature  at  alwut  08-  F.  A  vessel  of  hot  watrr,  alwut  100-  F,,  was  next 
quickly  placed  so  as  to  surround  the  large  bulb  and  readings  continued.  After 
a  half-dozen  or  more  measurements  the  hot  water  was  replaced  by  ice  water, 
tho  small  bulb  IxUn^^  always  ])a('k(Ml  in  chipped  ice.  After  a  siiniciont  number  «)f 
oliscrrations  had  been  taken  in  this  way.  additional  readings  were  made  witli 
the  large  bulb  packed  in  chip})od  icL>.  The  most  careful  scrutiny  failed  to  dete(;t 
any  appreciable  effect  whatever  ui)oii  tho  vapor  pressures  obtained  under  thoso 
ciivumstances.  If,  however,  the  water  is  in  one  bulb  exposed  freely  in  tho  air, 
and  the  other  bulb  btj  surround«Ml  })y  ice,  the  pressure  instantly  falls  to  very 
nearly  its  value  at  32  ',  but  results  obtained  under  thcst^  circumstantrcs  arc  found 
to  be  one  or  two  liundivdthM  of  a  millimeter  hiyfhor  than  thoso  taken  after  all 
the  water  has  distilled  into  tliebulb  surrounded  with  ieo  ;  this  a^'cords  wellwitli 
what  might  be  exi>ected. 

The  single  observation  given  in  Tabl*'  il  with  tuU;  No.  7  is  the  mean  of  the 
rcsult6  under  tli*?  diffei-on't  cimditiims  referred  toal).>ve,  not  including,  Iiowcvim-, 
any  case  where  the  water  was  partly  in  one  bulb  and  partly  in  another  at  a  dif- 
ferent temi)cratuiv. 

<)wing  to  the  great  strain  incident  to  buhmer;,'in«,'  the  lai';:e  bulb  of  this  aj>pa- 
ratus  in  a  liquid  bath  the  stem  wius  aceidentnUy  broken  when  about  to  mak^ 
readings  at  low  tcmperaturi'S.  Th**  nianometiM-  tulx?s,  howevn*.  were  not  injured 
and  were  afK»rwards  reconslruet^'d  into  tulx;  No.  !»,  wliieh  is  nlniwn  complete  in 
Fig.  5. 

Tube  No.  8  (see  Fig.  <n:  The  manometer  columns  in  thi>tuh  '  were  even  greater 
than  in  No.  7,  being  alx)ut  30  mm.  in  diamet  r.  Tin-  sp 'eiul  nlijcet  of  the  two 
bultw  seen  in  the  tigui*e  ap])eai's  from  what  fullnws:  We  iivay  iiniv^iine  tlmt  tin? 
small  quiintity  of  water  or  ice  in  the  ]K)ttoui  of  tli»!  bulb  may  lag  in  it>»  tfUijK'ra- 
turo  behind  that  of  the  surrounding  Imtli  nf  li<|u[il  and  tie'  walls  i»f  the  l3iil}\ 
DilTeiX}nccs  of  this  character  would  b.'  ;:r..'atly  le-s  i^'il  if  the  water  or  icj  eould 
be  spread  evenly  over  the  entii'o  inner  walls  of  the  bi;lb.    Thi^  can  )k' done  in  tlic 
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ease  of  ice,  by  first  bringing  all  the  water  into  the  small  bulb;  If  now  the  large 
bulb  is  placed  in  the  bath  the  temperature  of  which  is  already  considerably  below 
the  freezing  point,  the  condensation  of  the  vapor  in  the  large  bulb  will  be  in 
the  form  of  frost,  which  evenly  coats  the  entire  inner  walls.  S>me  peculiar  phe- 
nomena observed  in  this  connection  are  mentioned  at  the  end  in  discussing  the 
freezing  of  water. 

This  precaution  of  securing  great  sensitiveness  is  quite  unnecessary  however, 
as  not  tne  slightest  lagging  of  the  temperature  within  the  bulb  has  even  been 
detected.  The  changes  are  believed  to  be  even  more  rapid  than  with  sensitive 
mercurial  thermometers;  certainly  much  faster  than  alcohol  thermometers. 

The  two  manometric  columns  in  tube  No.  8  were  not  quite  parallel  with 
each  other,  being  slightly  nearer  together  at  the  top  than  at  the  bottom*.  In 
consequence  of  this  some  difficulties  were  always  experienced  in  securinfi^  the 
most  satisfactory  view  and  clear-cut  definition  of  the  tops  of  the  mercurial  col- 
umns. Greater  irregularities  were  also  found  in  the  results  obtained  on  different 
occasions  than  seemed  reasonable  to  expect,  and  the  vapor  pressures  given  by 
this  tube  are  not  believed  to  be  so  accurate  as  those  from  the  next. 

Tube  No.  9:  This  is  shown  in  Fig.  5  mounted  upon  the  stand  used  to  support 
the  tubes  when  observations  were  being  taken.  The  two  bulbs  seen  on  this 
tube  were  provided  for  with  a  view  to  studying  the  question  of  vapor  pressures 
differentially.  The  tube  is  first  filled  in  the  usual  way  with  the  water  all  upon 
one  side,  ay  placing  the  tube  nearly  flat  or  horizontal,  it  is  so  arranged  that 
the  mercury  in  the  monometer  will  separate  in  the  connecting  neck,  thus  per- 
noltting  the  vapor  to  pass  into  the  bulb  theretofore  vacant;  a  portion  of  tJie  water 
may  tuso  then  be  distilled  over.  On  restoring  the  apparatus  to  its  normal  con- 
dition we  may  surround  one  bulb  with  ice,  for  example,  and  vary  the  tempera- 
ture of  the  other  bulb  as  desired,  and  vice  versa.  Such  methods  would  greatly 
lessen  errors  of  capillarity,  but  with  large  manometer  tubes  such  errors  do  not 
occur,  and  although  tube  No.  9  was  made  with  the  intention  of  taking  differen- 
tial observations  such  as  mentioned  above,  yet  the  scheme  was  never  carried  out, 
as  this  tube  proved  to  be  the  very  best  of  all  made  and  gave  such  satisfactory  re- 
sults that  I  have  preferred  to  retain  it  in  its  normal  condition. 

In  view,  therefore,  of  the  very  apparent  superiority  of  some  tubes  over  others, 
I  have,  in  combining  the  results,  believed  it  best  to  arbitrarily  favor  certain  re- 
sults. No  effort  has  been  made  to  combine  the  viduesln  Table  i  of  results  above 
the  freezing  point. 

The  systematic  and  gradually  increasing  difference  from  tabular  values  is 
strongly  marked,  yet  the  work  in  this  direction  is  not  sufficiently  extended  to 
warrant  discussion. 

Since  all  the  observations  with  the  bulbs  in  melting  ice  agree  very  closely,  dif- 
ferent weights  are  of  little  importance  and  the  simple  arrttimetical  moan  has 
been  adopted  as  the  final  value. 

All  the  other  results  given  in  Table  m  have  been  determined  as  follows: 

The  observations  made  with  tube  No.  9  have  been  given  a  weight  of  5,  those 
with  tube  No.  8  a  weight  of  2,  and  those  with  the  small  tubes,  namely,  Noe.  4,  5, 
and  6,  a  weight  of  1.  Only  a  few  observations  have  been  made  with  tubes  Nos. 
4  and  6,  and  these,  in  all  cases,  were  combined  with  those  by  No.  5,  giving  equal 
weights,  and  the  mean  result  thus  found  combined  with  tne  corresponding  re- 
sults from  tubes  Nos.  8  and  9,  as  stated  above.  As  the  values  by  the  small  tubes 
have,  in  all  cases,  been  lower  than  the  other  values  their  effect  has  been  to  always 
lower  the  mean  value.  Now,  since  observations  with  the  small  tubes  have  not 
been  made  at  temperatures  lower  than  — 35^,  it  becomes  necessary  to  change 
slightly  the  relative  weights  given  the  observations  by  tubes  iJos.  8  and  9  at 
temperatures  from  — 35^  to  — 6(P.  The  mean  values  in  Table  in  below  — 35^ 
have,  therefore,  been  computed  by  giving  results  by  No.  9  a  weight  of  2  anc* 
those  by  No.  8  a  weight  of  1.  I  have  been  guided  in  the  modifications  made  in 
the  weights  below  — 35^  by  a  regard  for  the  even  and  regular  manner  in  which 
the  curve  of  plotted  observations  extended  itself  along  this  portion  of  its  length. 

in  a  few  instances,  where  it  was  desirable  to  combine  several  observations  at 
tc^mperatures  not  very  near  to  each  other,  I  have  used  an  interpolated  value. 
This  was  computed  by  first  finding  the  moan  difference  between  t^e  actual  values 
and  the  table,  then  applying  this  difference  to  the  tabular  vs^ue  at  the  desired 
temperature.  If  tabular  values  were  not  available  a  portion  of  the  observations 
were  plotted  and  the  interpolated  value  taken  from  tne  curve. 

Some  may  be  disposed  to  criticise  the  above  methods  of  combining  j*e8ults  oa 
arbitrary  and  subject  to  personal  bias.  I  am  convinced,  however,  that  the  in- 
tuitive judgment  of  the  observer  himself,  based  upon  a  knowledge  of  many 
exporimenud  details  not  practicable  to  discuss,  is  the  best  guide  we  have  and 
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mflords  the  truest  estimation  as  to  the  most  probable  value  in  the  case  of  such 
obeerrations  as  these  now  under  consideration. 

Thus  we  have  derived  the  results  in  Table  III.  There  are  also  given  here,  first, 
the  differences  between  the  observed  and  Broch^s  tabular  values,  expressed  both 
in  pressures  and  temperatures ;  and  also,  where  possible,  the  difference  between 
Regnault's  actual  experiments  and  my  own,  all  values  being  reduced  to  normal 
temx>6rature  and  manometric  units.  This  last  comparison  is  very  instructive, 
•(ince  it  shows  that  in  almost  every  value  there  is  even  closer  agreement  between 
the  two  experimental  results  than  between  the  tabular  values  and  the  experi- 
ments they  are  presumed  to  represent. 

Table  III.— Combined  Results. 


Tempera- 
ture. 


32.00 
31. 97 
25.07 
19.91 
14.87 

9.91 
'S.OS 

—  o.a5 

—  6.18 
—10. 21 

—14. 97 
—20.10 
—25.20 
—30.07 
—34.98 

—40.30 
—45.01 
—50.08 
—55.30 
—60.23 


Pressure. 


mm, 

4.5683 

4.553 

3.318 

2.597 

2.043 

1.598 
1.248 
0. 973 
0.729 
0.560 

0.428 
0.318 
0.237 
0.176 
0.130 

0.098 
0.074 
0.053 
0.034 
0.030 


Broch — Marvin. 


Pressure. 


mm. 
+.0004 
+.011 
+.127 

+.178 
+.192 

+.198 
--.192 
--.165 
--.16;^ 
--.137 

+.121 

+.  103 
+.083 
+.069 
+.  a55 

+.037 
+.028 
+.  021 
+.019 
+.008 


Tempera- 
ture. 


OF, 


—0.05 
—0.90 
—1.55 
—2.05 

—2.59 
—3.13 
—3.31 
L12 
L36 


L81 
—5. 53 
-6.8 
—6.3 
—7.1 

—6.5 
—6.0 
—5.5 
—8.6 


Re^nault 

mmus 

Marvin 

pressure. 


mm. 


+.071 
--.061 
--.041 
--.033 
--.020 

+.059 
+.073 


PRESSURE  TABLES  AND  FORMULA  OP  INTERPOLATION. 

Upon  general  principles  it  would  doubtless  be  decided  that  the  most  probable 
series  of  values  of  vapor  pressures  are  to  be  derived  from  a  combination  of  the 
results  of  all  experiments  available.  I  have  been  deterred  from  making  such  a 
combination,  however,  because  of  the  doubtful  adjustment  of  values  l^low  the 
limits  of  He^ault^s  or  other  experiments,  and  the  consequent  discontinuity  in 
results  meetmg  at  that  point.  Only,  therefore,  the  values  given  in  the  second 
column  of  Table  III  have  been  used  in  computing  the  final  table  of  pressures  be- 
low the  freezing  point.  ■  For  vapor  pressures  at  temperatures  above  the  freezing 
point  Broch's  computed  values  agree  closely  with  Regnault's  observations,  and 
are  doubtless  the  best  thus  far  available. 

Moritz,  by  the  aid  of  two  formulae,  both  previously  used  by  Regnault  himself, 
has  also  given  a  very  good  reduction  of  the  latter's  experiments.  In  the  tables  both 
of  Broch  and  Moritz,  however,  the  computed  pressures  are  systematically  higher 
than  the  observed  pressures,  notwithstancfing  that  Broch's  formulae  of  interpola- 
tion in  particular  is  a  most  powerful  one,  containing  not  less  than  six  constants 
and  witn  the  temperature  to  the  fifth  power,  thus : 

H=alO  i^tt 

Var  h  the  coefficient  of  expansion  of  hydrogen  has  been  \]LBed. 
WAS  91— VOL  IV 24 
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In  confiequence  of  the  notable  failure  of  means  of  this  kind  to  afford  satiafao* 
tory  systems  of  interpolation,  and  in  the  absence  of  any  complete  and  correct 
mathematical  theory  of  vapor  pressures,  the  problem  of  the  construction  of  a 
table  is  troublesome  and  its  solution  more  or  less  unsatisfactory.  It  appears  to 
me,  however,  that  our  best  course  is  to  adhei*e  closely  to  the  experimental  val- 
ues, especially  in  preference  to  computed  values  that  are  systematically  diacord- 
ant. 

After  some  attempts  at  a  mathematical  system  of  inten)olation  I  have  dia- 
carded  them  all  and  resorted  at  once  to  the  purely  graphical  solution.  The  ob- 
servations in  Table  III  have  been  reiieatedly  plotted  upon  accurately  ruled  orosa- 
section  paper.  The  scale  used  has  always  been  large,  and  not  only  with  differ- 
ent parts  of  the  table,  but  especially  in  the  upper  portion,  the  scale  has  been 
varied  as  much  as  pi-acticablo. 

The  plan  I  have  found  best  for  drawing  a  smooth  curve  through  the  observa- 
tions thus  plotted  has  been  by  use  of  a  slender  cven-gi*ained  pino  stick.  A 
square  section  is  best,  I  think,  and  should  be  large  enough  to  require  consider- 
able stress  to  bend  it  to  fit  the  curve  of  observations.  The  assistance  of  two  or 
three  pairs  of  hands  is  generally  necessary,  and  secures  the  best  results. 

In  drawing  the  curves  of  observations  after  this  fashion,  I  soon  found  that 
there  was  practicallv  no  choice  whatever  but  to  pass  the  lino  exactly  through 
each  observation.  I'ho  curve  thus  obtained,  oven  when  critically  examined, 
was  remarkably  regular,  and  any  attempt  to  avoid  this  or  that  observation  had 
nothing  on  its  face  to  justify  it,  and  could  not  improve  the  re^larity  of  the 
curve.  The  single  exception  to  this  is  in  the  case  of  the  observations  at— ^55^  and 
— (KF,  when  it  seemed  besttodeilect  the  curve  a  little  so  as  to  pass  between,  rather 
than  exactly  through,  these  observations. 

From  curves  prepared  in  this  manner  and  ruled  upon  differentscales,  and  with 
sticks  of  different  thickness,  etc.,  readings  of  the  pressure,  always  to  three 
decimal  places,  have  l)cen  taken  for  every  degree  between  32^  and — (KP  F.  The 
close  agreement  of  these  values  from  the  various  curves  leaves  no  doubt  in  my 
mind  of  the  complete  elimination  of  peculiarities  of  curvature  dependent  upon 
the  flexure  of  the  stick  or  the  character  of  the  scale.  Where  a  perceptible  differ- 
ence has  occured  a  meiEin  value  to  the  nearest  third  decimal  place  has  been 
adopted. 

Table  IV  was  then  constructed  for  each  tenth  degree  by  well-known  methods 
of  interix)lation. 

Tadle  IV. 


r  .    T* 


I 


F. 
32 
31 
30 

29 
28 
27 
26 
25 

24 
2.3 
22 
21 
20 


Vapor  pressure  (millimeters). 


.0 


4.568 
4. 364 
4.169 

3.982 
3.803 
3.631 
3.466 
3.307 

3.155 
3.009 
2.869 
2.735 
2.607 


19  2.486 
18 1  2.371 
17!  2.262 
16  2. 158 
151  2.  058 


.1 


/ 


4.384 

4.188 

4.000 
3.820 
3. 648 
3. 482 
3. 322 

3.170 
3. 02;^ 
2. 883 

2.748 
2.620 

2.498 
2. 382 

o  070 

2.168 
2.068 


4.404 
4.207 

4.018 
3.838 
3.665 
3. 498 
3. 338 

3.  ia5 

3. 037 
2.897 
2. 761 
2  632 

2.  MO 
2. 393 
2. 283 
2.178 
2.078 


.3 


4.424 
4.226 

4. 037 
3. 856 
3. 682 
3.514 
3.354 

3. 200 
3. 052 
2.911 
2.774 
2.645 

2.522 
2.464 
2.294 

2.188 
2.088 


.4 


.') 


.6 


.8 


4.444 
4.  245  ! 


4.  aV) 
3. 874 
3. 699 
3. 531 
3. 370 


3. 215 
3.066 
2. 925 

2.788 
i6,57 

2. 534 
2.416 
2. 305 
2. 199 
2.008 


r  i 


4.4()4 
4. 265 

4.074 
3. 892 
3. 716 
3. 547 
3.386 

3. 230 
3. 081 
2. 939 
2.801 
2.670 

!  2.546 
2.427 
2. 316 
2.209 
2.108 

W 


•  I 


4. 485 
4.284 

4.093 
3. 910 
3. 733 
3.564 
3.402 

3. 245 
3. 095 
2.953 
2. 815 
2.683 

2.558 
2. 439 
2.327 
2.220 
2,118 


4. 505 
4.304 

4.112 
3.928 
3. 750 
3.580 
3.418 

3.260 
3. 110 
2.967 
2.828 
2.696 

2.570 
2.450 
2.338 
2.230 

2.128 


4. 526 
4.324 

4.131 
3.946 
3,768 
3.597 
3.434 

3.276 
3.125 
2.981 
!2.842 
2.709 


2.582 
2.462 
2.349 

2.138 


.9 


*n 


4. 547 
4.344 

4.150 
3.96i; 
3. 783 
3.614 
3.450 

3.291 
3.140 
2.995 
2.855 
2.722 

2.585 
2.474 
2.360 
2.251 
2.148 
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^ 

Vapor  pi-esHuro  (mlllimeterB). 

■« 

■1 

.3 

.3 

.4 

.5 

.6 

•■' 

.8 

.9 

u 

1.961 

1.970 

1.980 

1.989 

1.99!) 

2.009 

2.018 

2.028 

2.038 

2.048 

13 

1.867 

1.876 

1.885 

1.895 

1.904 

1.913 

1.923 

1.942 

1.951 

12 

1.776 

1.785 

1.794 

1.803 

l.fll2 

1.S2I 

1.830 

1.839 

1.848 

1.857 

U 

1.688 

1.696 

1.705 

1.714 

1.722 

1.731 

1.740 

],749 

1.758 

1.767 

10 

1.603 

1.611 

1.620 

1.628 

1.036 

1.645 

1.653 

1.662 

1.670 

1.679 

9 

1.023 

1.531 

1.539 

1.547 

1.555 

1.063 

1.571 

1.579 

1.537 

1.595 

8 

1.447 

1.455 

1.462 

1.470 

1.477 

1.485 

1.492 

1.600 

1.508 

1.515 

7 

1.376 

1.383 

1.390 

1, 397 

1.404 

1.411 

1.418 

1.426 

1.433 

1.440 

6 

1.309 

1.318 

1.322 

1.329 

1.335 

1.342 

1.349 

1.355 

1.362 

1.369 

5 

1.340 

1.252 

1.2o8 

1.264 

1.271 

1.277 

1.283 

1.290 

1.296 

1.303 

4 

1.186 

1.192 

1.198 

1.204 

1.210 

1.21H 

1.222 

1.228 

1.234 

1.240 

a 

1.129 

1.135 

1.140 

1.146 

1.151 

1.157 

1.163 

1.168 

1.174 

1.180 

2 

1.075 

1.080 

1.086 

1.091 

1.006 

1.102 

1.107 

1.113 

1.118 

1.124 

1 

1.023 

1.028 

1.033 

1.038 

1.043 

1.049 

J.  054 

1.059 

1.064 

1.070 

+  0 

0.972 

0.977 

0.982 

0.987 

0.992 

0.997 

1.002 

1.007 

1.012 

1.017 

—  0 

0.972 

0.967 

0.962 

0.957 

0.952 

0.947 

0.942 

0.937 

0.932 

0.927 

—  1 

0.922 

0.917 

0.912 

0.907 

0.902 

0.897 

0.887 

0.882 

0.877 

—  2 

0.873 

0.868 

0.863 

0.858 

0.854 

0.849 

0.844 

0.840 

0.835 

0.830 

—  3 

0.B26 

0.821 

0.817 

0.812 

0.808 

0.803 

0.799 

0.791 

0.790 

0.786 

—  A 

0.781 

0.777 

0.772 

0.768 

0.764 

0.759 

0.755 

0.751 

0.747 

0.742 

—  6 

0.73« 

0.734 

0.730 

9.726 

0  723 

0.718 

0.714 

0.710 

0.706 

0.702 

—  fl 

0.608 

0.695 

0.691 

0.687 

o!683 

0.680 

0.676 

0.672 

0.669 

0.665 

—  1 

0.661 

0.658 

0.654 

0.651 

0.047 

0.IH4 

0.640 

0.637 

0.633 

0.630 

—  8 

0.627 

0.623 

0.620 

0.617 

0.814 

0.610 

0.607 

0.604 

0.601 

0.698 

—  9 

0.6B5 

0.591 

0.588 

0.585 

0.582 

0.579 

0.576 

0.573 

0.570 

0.567 

—10 

0.564 

0.561 

0.558 

0.555 

0.552 

0.549 

0.546 

0.543 

0.540 

0.537 

-11 

0.G34 

0.531 

0.528 

0.525 

0.522 

0.519 

0.516 

0.513 

0.510 

0.607 

—12 

0.505 

0.502 

0.499 

0.496 

0.494 

0.491 

0.488 

0.486 

0.483 

0.4S0 

—13 

0.478 

0.475 

0.473 

0.470 

0.468 

0.465 

0.463 

0.460 

0.457 

0.455 

-U 

0.452 

0.450 

0.447 

0.445 

0.412 

0.140 

0.437 

0.435 

0.432 

0.430 

—15 

0.427 

0.425 

0.422 

0.420 

0.417 

0.415 

0.412 

0.410 

0.407 

0.405 

—16 

0.403 

0.400 

0.398 

0.396 

0.393 

0.301 

0.389 

0.386 

0.384 

0.382 

— n 

0.38O 

0.377 

0.375 

0.373 

9.371 

0.368 

0.366 

0.364 

0.362 

0.360 

—18 

0.356 

0.356 

0.354 

0.352 

0.350 

0.318 

0.346 

0.344 

0.342 

0.340 

—19 

0.338 

0.334 

0.332 

o.3;(o 

0.328 

0.320 

0.324 

0.322 

0.320 

-20 

0.319 

0.317 

0.315 

0.313 

0.311 

0.310 

O.308 

0.306 

0.304 

0.303 

—21 

0.301 

0.299 

0.297 

o.:;96 

0.294 

0. 21)2 

0. 291 

0.289 

0.387 

0.288 

—22 

0.284 

0.282 

0.281 

0.279 

0.278 

0.276 

o.2;4 

0.273 

0.271 

0.270 

—23 

0.268 

0.267 

0.265 

0.264 

0.2(i:; 

0.261 

0.259 

0.258 

0.256 

0.255 

-34 

0.253 

0.252 

0.250 

0.S49 

0.247 

0.216 

0.244 

0.243 

0.242 

0.240 

—25 

0.239 

0.237 

0.236 

0.2.-M 

0. 2.-i3 

0.232 

0.230 

0.229 

0.227 

0.226 

-26 

0.226 

0.224 

0.223 

o.asi 

0.220 

0.21!) 

0.217 

0.216 

0.215 

0.213 

—21 

0.212 

0.211 

0.2J0 

0.208 

0.207 

0.  206 

0.204 

0.203 

0.202 

0.201 

-2a 

0.198 

0.198 

0.197 

0.106 

0.  m> 

0. 193 

0. 192 

0.191 

0.190 

0.1S9 

-29 

0.187 

0.186 

0.  im 

0.1H4 

0.  ]«:i 

0. 1M2 

0.180 

0.179 

0.178 

o.m 

-30 

0.176 

0.175 

0.171 

0.172 

0  171 

0.17(1 

0.169 

0.168 

0.167 

0.166 

—31 

0.166 

0.164 

0.163 

0.162 

0. 161 

0.  Hilt 

0.159 

0.158 

0.157 

0.156 

-32 

0.156 

0.164 

0.  153 

O.J  52 

0.  ir.i 

0.  lr.ii 

0.149 

0.148 

0.147 

0.146 

—■KI 

0.146 

0.  ur, 

o.m 

0.14.T 

(1.  142 

0. 142 

0.141 

0.140 

0.139 

0.138 

-34 

0.138 

0.137 

0.136 

0.135 

0.135 

0.134 

0.133 

0.132 

0.132 

0-131 

\           \         > 

'•=T 
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* 

op. 

Vapor] 

pressure  (millimeters). 

.0 

.1 

.2 

.3 

.4 

.5 

.6 

.7 

.8 

.9 

• 

—35 

0.130 

0.129 

0.129 

0.128 

0.127 

0.126 

0.126 

0.125 

0.124 

0.123 

—36 

0.123 

0.122 

0.121 

0. 121 

0.120 

0.120 

0.119 

0.118 

0.U8 

a  117 

—37  0.117 

0.116 

0.115 

0.115 

0.114 

0.114 

0.113 

0.112 

0.112 

0.111 

-38 

0.111 

0.110 

0.109 

0.109 

0.108 

0.108 

0.107 

0.106 

0.106 

0.105 

-39 

0.105 

0.104 

0.104 

0.103 

0.103 

0.102 

0.102 

0.101 

0.101 

0.100 

—40 

0.100 

0.099 

0.098 

0.098 

0.097 

0.097 

0.096 

0.096 

0.005 

0.005 

-41 

0.094 

0.094 

0.093 

0.093 

0.092 

0.092 

0.091 

0.091 

0.090 

0.090 

-42 

0.089 

0.089 

0.088 

0.088 

0.087 

0.087 

0.086 

0.086 

0.085 

0.085 

—43 

0.084 

0.084 

0.083 

0.083 

0.082 

0.082 

0.081 

0.081 

0.080 

0.080 

—44 

0.079 

0.079 

0.078 

0.078 

0.077 

0.077 

0.076 

0.076 

0.076 

0.075 

—45 

0.074 

0.074 

0.073 

0.073 

0.072 

0.072 

0.071 

0.071 

0.070 

0.070 

—46 

0.069 

0.069 

0.068 

0.068 

0.068 

0.067 

0.067 

0.066 

0.066 

0.065 

-47 

0.065 

0.065 

0.064 

0.064 

0.063 

0.063 

0.063 

0.062 

0.062 

0.061 

—48 

0.061 

0.061 

0.060 

0.060 

0.059 

0.059 

0.059 

0.058 

0.058 

0.057 

—49 

0.057 

0.057 

0.056 

0.056 

0.055 

0.055 

0.055 

0.054 

0.054 

0.053 

-50 

0.053 

0.053 

0.052 

0.052 

0.051 

0.051 

0.051 

0.050 

0.050 

0.048 

-51 

0.049 

0.049 

0.048 

0.048 

0.048 

0.047 

0.047 

0.047 

0.046 

0.046 

-52 

0.046 

0.046 

0.045 

0.045 

0.045 

0.044 

0.044 

0.044 

0.043 

0.043 

—53 

0.043 

0.043 

0.042 

0.042 

0.042 

0.041 

0.041 

0.041 

0.040 

0.040 

—54 

0.040 

0.040 

0.039 

0.039 

0.039 

0.a38 

0.038 

0.038 

0.037 

0.037 

—55 

0.037 

0.037 

0.a36 

0.036 

0.036 

0.035 

0.035 

0.035 

0.a35 

0.034 

—56 

0.a34 

0.034 

0.034 

0.033 

0.083 

o.a^3 

0.033 

0.033 

0.032 

0.032 

57 

0.a32 

0.032 

0.032 

0.031 

0.031 

0.031 

0.031 

0.031 

0.030 

0.030 

-58 

0.030 

0.030 

0.030 

0.029 

0.029 

0.029 

0.029 

0.029 

0.028 

0.028 

—59 

0.028 

0.028 

0.028 

0.027 

0.027 

0.027 

0.027 

0.027 

0.026 

0.026 

—60 

0.026 

1 

I 


Up  until  almost  the  completion  of  m^  study  of  this  question  1  had  expected  to 
be  able  to  utilize  in  some  way  the  series  of  observations  made  in  Minnesota  by 
Prof.Hazen.  (See  Annual  Report  Chief  Sigrnal  Officer,  1890.  p.  660.)  But  the 
peculiar  behavior  of  the  apparatus,  as  thei'e  discussed  by  him,  and  the  dis- 
cordance of  his  results  with  tnose  obtained  here,  have  raised  so  many  doubts  re- 
specting the  accuracy  of  the  inbti'ument  furnished  him  that  his  values  have%ot 
been  combined  in  reaucing  these  results.  The  success  I  have  met  with  in  using 
the  directrmeasurement  apparatus,  when  fitted  with  a  new  tube,  confirms  my 
first  impression  that  the  real  source  of  error  in  his  results  lies  in  the  impertectly 
prepartMi  tube  itself. 

It  is  with  some  diffidence  that  I  have  presented  the  results  of  this  investiga- 
tion in  the  form  of  Table  IV,  not  only  because  of  its  uncommon,  possibly  some- 
what inelegant,  method  of  interpolation,  but  as  well  because  of  the  union  therein 
of  the  metric  unit  of  length  with  the  Fahrenheit  unit  of  temperature.  The  merit 
of  the  method  of  interpolation  is  the  accuracy  with  which  it  matches  the  obser- 
vations ;  a  claim  of  distinction  to  which  none  of  the  more  elegant  mathematical 
formula?  are  entitled.  The  advantage  of  the  selection  of  units  is  quite  as  justifi- 
able. The  temperature  units  are  on  a  smaller  scale,  and  the  pressures  ex- 
pressed in  millimeters  avoids  the  long  decimal  fraction  which  is  necessary  when 
the  inch  is  the  unit. 

PSYCHROMBTRIC  TABLES. 

The  ultimate  object  of  the  material  and  data  derived  from  this  investigation 

has  been  the  formation  of  humidity  tables  for  use  with  the  pyschrometric  or  other 

dew-point  observations. 

On  first  thought  it  was  imagined  sufficient  to  recompute  the  tables  such  as  ara 

used  by  this  service  for  all  temperatures \)e\ow  '^'P  F.,  sjb  this  was  the  only  pari 
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affected  by  the  new  values  of  the  vapor  pressure.  Closer  examination,  however, 
Glowed  that  a  very  large  part  of  the  values  above  32P  would  also  need  to  be  re* 
computed,  and  that  the  new  values  differed  noticeably  from  the  old  in  many 
instances.  Moreover,  from  the  limited  number  of  experiments  made  upon  vapor 
pressures  above  32P,  it  is  impossible  to  establish  any  new  values  for  this  part  of 
the  vapor-pressure  tables,  yet  it  is  clearly  apparent  that  additional  observations 
in  this  direction  would  be  of  great  value.  In  view  of  these  circumstances,  after 
having  completed  the  computation  of  the  humidity  tables  for  all  temperatures 
below  23P  down  to  —  50^,  I  was  deterred  from  reconstructing  the  upper  part  of 
the  table  owinfif  to  the  seeming  probability  of  its  being  again  changea  whenever 
any  revision  of  the  pressure  values  above  32P  was  made. 

The  humidity  tables  below  32P  are  given  herewith  and  may  serve  as  means  of 
comparing  the  values  derived  from  the  new  vapor  pressures  with  those  previously 
used. 

The  psychrometric  formula  used  is  that  deduced  by  Prof.  Ferrel,  and  discussed 
and  developed  by  him  in  his  report  for  1886.  (See  Annual  Report  Chief  Signal 
Officer,  1886,  p.  249.) 

The  formula  is  as  follows : 

p  rsp*  -.  O.000M0P  (t--t')  (1  +  0.0011M'). 

In  his  own  computation  of  tables  Prof.  Ferrel  used  a  modification  of  the  above 
formular  oetensiblv  to  facilitate  computation,  though  of  doubtful  effect  in  this 
respect.    The  modified  formula  reads : 

p rrp*  —  O.OOQOeOP  {t  — (')  (l  +  0.00116 (<  —t')  ) 

in  which  t  — t'  is  used  in  the  last  term,  in  place  of  (';  Prof.  Ferrel  assuming  that 
the  two  were  sufficiently  nearly  equal  to  warrant  the  substitution.  This,  however, 
is  scarcely  justifiable,  and  in  the  tables  given  below  the  formula  has  been  used 
in  its  proper  form. 

PSTCHROMBTRIC  TABLE.— DEW-POINTS  AND  RELATIVE  HUMIDrriES. 


Air  Tem- 
perature 
(t)  Fahr. 

Depression  of  the  wet-bulb  thermometer  (t— f),  Fahr. 

.1 

.2 

.3 

.4 

• 

5 

D.P. 

R.H. 

D.P. 

RH. 

D.P. 

R.H. 

D.P. 

R,H. 

D.P. 

RH. 

-50 

-49 
-48 
—47 
—46 
—45 

-44 
—43 
-42 
—41 
-40 

—39 
—38 
—37 
—36 
—35 

—34 
—33 
-32 
-31 
-30 

■ 

—60 

—58 
—56 
—54 
-^3 
-51 

-50 
—49 
-48 
-46 
—45 

—44 
-43 
-42 
1  —41 
—39 

—38 
—37 
—35 
-34 
—33 

51 

1 

54 
57 
60 
62 
65 

• 

67 
69 
71 
72 
73 

74 

76 

^  1 

1 

1 

i 

1 

i"""  1 

1 

■ 

1 

—60 

—58 

!  —56 

'  —54 

;  —52 

1 

1  -50 
—49 

33 
37 
40 
44 
46 

49  j 

51  : 

54  j 
56  ! 
59 

61 
63 
65  1 
67  1 
69 



1 

i 

1 

__-! 

1 

--  ----1 

/  . 

j 

1 

1 

—58 
—55 
—53 
—51 

—49 
—47 
—45 
—43 
-41 

27 
31 
34 
38 

41 
44  i 
47  ! 
50  I 
63 

__  .-• 

1 

____«-! 

78  j  -46 

79  1   -44 

( 

80  j  —43 

81  i  -42 
83  '  — ^^ 

1 

—58 
-55 
—52 
-49 

—47 

...... 

22 
25 

m 

1 

30 

85 

—38 
—36 

1 

34 
38 

"::58 

-55 

18 
22 

:tb 


m 
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PSVCHIK>MMRtC  TABLE.— DEW-POINTS  AND  RELATIVE  HUMlDmBS. 


Airlem<- 
perature 

1 

Deprefision  o!  the  wet-bulb  thermometer  (1  — f)  Fahr. 

• 

2 

• 

4 

• 

6 

• 

8 

1.0 

D.P. 

RH. 

D.P. 

R.H. 

D.P. 

R.H. 

D.P. 

£v.-£L 

D.P. 

R.H.' 

—29     —35 

—57  1  -^ 
—26  fl  —30 

71 
72 
74 
76 
T7 

78 
79 
80 
81 
82 

83 
84 
85 
86 
86 

■87 
88 
88 
89 

m 

90 
90 
91 
91 
92 

92 
92 

as 

93 
93 

—44 
-42 
—40 
—37 
^-^ 

—34 
—32 
—30 
—29 

—26 

—25 

—23 

-22i 

-^1 

19 
—18 
—17 
—16 
—14 

—13 

—12 
—11 
—10 

—  8 

—  7 

—  6 

—  5 

—  4 

—  3 

42 

46 

48 
51 
53 

56 
58 
60 
62 
64 

66 
63 
70 
71 
73 

74 
76 

77 
78 
79 

80 
81 
82 
S3 
83 

84 
85 
86 
86 

87 

-66 
—62 
-48 
-46 

-43 
—40 
—37 
-35 
-« 

—29 
-27 
—26 
—24 

—22 
—21 
-^ 
—18 
—17 

—15 
—14 
—13 
—12 
-10 

—  9 

—  8 

—  6 

—  5 
-4 

17 
22 
26 
31 

34 
37 
40 
44 
47 

49 
52 
64 

57 
59 

61 
63 
65 
67 

68 

70 
71 
73 
74 
75 

76 
i  i 
78 
79 
80 

—24 
—23 
-22 
—21 

—19 
—18 
—17 
—16 
-15 

-14 

—13 
—42 
-11 

.  —  9 

—  8 

—  6 

—  5 

—  4 

—  3 

—  2 

,    IS 

—28 
—27 
—26 
—25 
--^  j 

—22 
-^1 
—20 
— 1« 

—17: 

-16 
—15 
— H 

—12: 

— U 

—10 

—  9. 

—  8 

—  6 

—  4 

—  3 

—  2 

—  1 

—58 
-53 
—49 
-45 

-38 
—35 
-32 
—30 
— 2S 

—28 
—25 
—23 
—21 
—20 

—18 
—17 
—15 
—14 
—12 

—11 
—10 

—  8 

—  7 

—  6 

12 
16 

20 

25* 

29 

SS 

36 
39 
43 

^ 

48 
51 
53 
58 

58 

60 
62 
63 
65 
67 

68 
70 
71 
72 
74 

—66 

-45 
—41 
—37 
-^ 

-31 
-29 
—27 
25 
—23 

-21 
—20 
—18 
—16 
—15 

—13 
-12 
—10 

—  9 

—  7 

11 

16 

20 
24 
28 
32 

36 

39 
42 
45 
48 

60 
62 
64 

56 
68 

60 
62 
64 
66 
67 
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PBYCHROMETRtC  TABLE.— DeW-POINTS  AND  RELATIVE  HUMIDITIES— Cont'd. 


Air  tem- 
perature 
(OF. 

Depression  of  the  wet-bulb  thermometer  (*  — t')  Fahr. 

1.2 

1.4 

1.6 

1.8 

2.0 

D.P. 

R.H. 

D.P. 

R.H. 

D.P. 

R.H. 

D.P. 

R.H. 

D.P. 

R.H. 

—17 
—16 
-15 

—14 
—13 
-12 
—11 
—10 

—  9 

—  8 

—  7 
—•6 

—  5 

—  4 

—  3 

—  2 

—  1 
±0 

-55 
-49 
-44 

—39 
-35 
—32 
—30 
-27 

-25 
—23 
-21 
—19 
-17 

—16 
—14 
—12 
—11 
-9 

1 

9 
14 
19 

23 
27 
30 
34 
37 

40 
43 
45 
48 
50 

52 
55 
57 
59 
61 

•««*•' 

1 

-52 
-46 
—41 
—36 
—33 

—30 
—27 
—25 
—23 
—21 

-19 
—17 
—15 
.—13 
—11 

10 
15 
19 
23 
26 

30 
33 
36 
39 
42 

45 
47 
50 
62 
54 

—55 
—48 
—42 

—37 
—33 
—.30 
—27 
—24 

—22 
—20 
—18 
—16 
—14 

7 

12 
16 

20 
24 
27 
31 
34 

37 
40 
42 
45 

48 

! 

-58 

—48 
—42 
—36 
—32 
—29 

—26 
—23 
—21 
—18 
-16 

5 

10 
14 
18 
22 
25 

29 
32 
35 
38 
41 

-68 
—48 
-41 
—36 

—31 
—28 
—24 
—22 
—19 

5 

9 

13 

17 

21 
25 
28 
31 
35 

Air  temperat 
(t)  P. 

,ure. 

Depression  of  the  wet-bulb  thermometer  (t  — 

r)F. 

2.2 

;   2.4 

2.6 

2.8 

D.P. 

R.H. 

D.P. 

R.H. 

D.P. 

R.H. 

D.P. 

R.H. 

—6 

—56 
—47 

—39 
—33 
—29 
-20 
—23 

5 
9 

13 
17 

—5 

--4 

-54 

1  —44 

5 
10 
14 
18 
22 

^3 

—2 

21  :       3(5 
25      — ."il 

—48 
—39 
—33 

1 
11 

15 

— 1 

—54 
—43 

4 
9 

xo 

28 

—27 

3^  V .•.••.••_.*...•••. 

w.'^ 
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PSYCHROMETRIC  TABLE.— DEW-POINTS  AND  RELATIVE  HUMIDITIES— Cont'd. 


Air  tem- 

Depre 

Bsion  of  the  wet-bulb  thermometer  (t—i'}  Fahr. 

perature 

{ 

2 

.4 

.6 

.8 

1.0   1 

(OF. 

D.P. 

R.H. 

D.P. 

R.H. 

D.P. 

R.H. 

DP. 

R.H. 

D.P. 

R.H. 

+  1 

0 

94 

1 
—  2 

87 

—  3 

81 

—  4 

75 

—  6 

69 

2 

+  1 

94 

—  1 

88 

2 

82 

—  3 

76 

—  5 

70 

3 

2 

94 

ti 

88 

—  1 

83 

—  2 

77 

—  3 

71 

4 

3 

94 

89 

0 

83 

—  1 

78 

—  2 

73 

5 

4 

95 

3 

89 

+  1 

84 

0 

79 

—  1 

74 

6 

5 

95 

4 

90 

3 

85 

+  1 

80 

0 

75 

7 

6 

95 

5 

90 

4 

85 

.  3 

80 

+  1 

76 

8 

7 

95 

6 

91 

5 

86 

4 

81 

3 

76 

9 

8 

96 

7 

91 

6 

86 

5 

82 

.4 

77 

10 

9 

96 

8 

91 

7 

87 

6 

83 

5 

78 

11 

10 

96 

9 

92 

8 

87 

7 

83 

6 

79 

12 

11 

96 

10 

92 

9 

88 

9 

84 

8. 

80 

13 

12 

96 

11 

92 

11 

88 

10 

84 

9 

81 

14 

13 

96 

12 

93 

12 

89 

11 

85 

10 

81 

15 

14 

96 

13 

93 

13 

89 

12 

86 

11 

82 

16 

15 

97 

15 

93 

14 

90 

13 

86 

.12 

83 

17 

16 

97 

16 

93 

15 

90 

14 

87 

13 

83 

18 

17 

97 

17 

94 

16 

90 

15 

87 

14 

84 

19 

18 

97 

18 

94 

17 

91 

16 

88 

16 

84 

20 

19 

97 

19 

94 

18 

91 

17 

88 

17 

85 

Air  tem- 

Dcprei 

wion  of  the  w 

et-bulb  thermometer  (t— t')  Fahr. 

perature 

1 

.2 

1.4 

1.6 

1.8 

2.0    1 

(OF. 

1 

D.P. 

R.H. 

D.P. 

R.  H. 

D.P. 

R.H. 

D.P. 

R.H. 

D.P. 

RH. 

+  1 

—  8 

63 

—10 

56 

—12 

50 

1 

—14 

44 

—17 

38 

2 

—  6 

64 

—  8 

58  , 

—10 

52 

12 

46 

—15 

40 

3 

—  5 

66 

—  7 

60  1 

—  8 

54 

—10 

49 

—13 

43 

4 

—  4 

67 

—  5 

62  i 

—  7 

56 

—  9 

51 

—11 

45 

5 

—  2 

68 

1 

—  4 

63  ' 

—  5 

58 

—  7 

53 

—  9 

48 

6 

—  1 

70 

—  3 

a5 

—  4 

60 

—  6 

54 

—  7 

50 

•* 

4 

0 

71 

—  1 

66. 

—  3 

61 

—  4 

56 

—  6 

51 

8 

+  1 

72 

0 

67 

—  1 

62 

—  3 

58 

—  4 

53 

9 

3 

73  ; 

+  1 

68 

0 

64 

—  1 

59 

—  3 

55 

10  . 

4 

74 

3 

69 

+  1 

65 

0 

61 

—  1 

57 

11 

5 

75 

4 

71 

3 

66 

+  2 

62 

0 

58 

12 

7 

76 

5 

72 

4 

68 

3 

64 

+  2 

60 

13 

8 

77 

7 

73 

6 

69 

5 

65 

3 

61 

14 

9 

78 

8 

74 

7 

70 

6 

67 

5 

63 

15  1 

10 

79! 

9 

75 

8 

71 

7 

68 

6 

64 

16 

11 

70 

10 

76 

10 

73 

9 

69 

8 

66 

17 

12 

80 

12 

11 

'^^   1 

10 

70 

9 

67 

18 

14 

81 

13 

78 

12 

74  ' 

11 

71 

10 

68 

19 

15 

81 

14 

7«  i 

13 

75 

12 

72 

11 

69 

20 

16 

82 

15    79 

1 

14 

76 

13 

73 

13 

70 
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PBTCHROMETRIC  TABLE.— DEW-POINTS  AND  RELATIVE  HUMIDITIES— Cont*d. 


■ 

Depression  of  the  wet-bulb  thermometer  (t—f)  Fahr. 

Air  tem- 

1 

perature 

2 

.2 

.4 

2 

.6 

2.8 

3.0         1 

(OF. 

1 

1 

D.P. 

R.H. 

D.P. 
—24 

R.H. 

D.P. 

R.H. 

i  D.  P. 

R.H. 

D.P. 

RH. 

+  1 

—20 

32 

25 

—28 

19 

: 

!  —35 

1 
13 

—46 

7 

2 

—17 

35 

—21 

29 

—25 

€3 

—30 

17 

—37 

11 

3 

—15 

37 

—18 

32 

—21 

26 

—26 

20 

—31 

15 

4 

—13 

40 

—16 

34 

—19 

29 

22 

24 

—27 

18 

5 

—11 

42 

—14 

37 

—16 

32  ; 

1 

—19 

27 

—23 

22 

6 

—  9 

44 

—12 

39 

—14 

34 

17 

29 

—20 

25 

7 

—  8 

47 

—10 

42 

—12 

37 

—14 

32 

—17 

28 

8 

—  6 

49 

—  8 

44 

—10 

39 

—12 

35  ! 

—15 

30 

9 

—  4 

51 

—  6 

46 

—  8 

42 

10 

37 

—12 

33 

10 

—  3 

52 

—  4 

48 

—  6 

44 

—  8 

40 

—10 

35 

11 

—  1 

54 

—  3 

50 

—  4 

46 

—  6 

42 

—  8 

38 

12 

0 

56 

—  1 

52 

—  2 

48  > 

4 

44 

—  6 

40 

13 

+  2 

58 

+  1 

54  ! 

—  1 

50  !j  —  2 

46 

—  4 

42 

14 

4 

59 

2 

56! 

+  1 

52           0 

48 

—  2 

45 

15 

5 

61 

4 

57; 

3 

54  i;  +  1 

50 

0 

47 

16 

7 

62 

1 

5 

59 

4 

56  ;:       3 

52 

+  2 

49 

17 

8 

64 

7 

•     60 

6 

57  I 

5 

54 

3 

51 

18 

9 

65 

8 

62  i|        7 

59  ! 

6 

56 

5 

53 

19 

10 

66 

10 

63   1        9 

60 

8 

57 

» 
i 

54 

20 

12 

67 

11 

64  ;        10 

'1 

61 

9 

58 

8 

56 

Air  tem- 

Depression of 

the  wet-bulb 

thermometei 

•(i— r)Fahr. 

1 

perature 

3 

.2 

3 

.4         1 

3 

.6 

3 

.8 

4.0         1 

ii)p. 

1 

D.P. 

R.  H.  1  D.  P. 

R.H.i 

D.P. 

RH.    D.P. 

R.H. 

D.P. 

RH. 

+1 

4 
5 

6 

m 
1 

—50 

5 

1 

i: 

1 

;_ 

1 
\ 

i 
1 

—39 
—32 

—28 

—24 

—20 

9 
13 
16 

20 
23 

—42 
—34 

—29 
—24 

4 

8 
11  i 

15 

IS 

li 

1 
1 

-60 
-45 

—35 

—29 

2 

6  : 

1 

1 

10 

13  ; 

—47 
—37 

1 
5  i 

i 

1 

1 
9  1 

i  -50 

4 

8 

—17 

26 

—21 

21 

—25 

1«    i 

—30 

12! 

—38 

8 

9 

—15 

28 

—18 

24  ij  -21 

20  '      25 

15   1  —31 

11 

10  1 

—12 

31  !;  —15 

27  '   —18 

23  |:  —21 

19   '  —26 

t 

14 

"    "  11 

i  -10 

34  ■!  —12 

30  j  —15 

26   .  —18 

22  1  21 

18 

12 

—  8 

36  i|  —10 

32  !  —12 

28  i  —15 

Z'y  :  —18 

21 

13 

—  5 

39  il  —  7 

3.-)  ;i  —  9 

31   '  —12 

27  1  —14 

24 

14 

—  3 

;      41   'i  -  5 

37   1  —  7 

34  ;  —  9 

30   .      11 

27 

15 

1 

—  2 

■      43   1  -  3 

'1 

40    : 

—  0 

36—7 

i; 

:J3      —  9 

29 

16; 

0 

46—1 

42 

—  3 

39 

'4 

36   1  —  6 

32 

IT 

+  2 

48  i 

+  1 

44 ; 

—  1 

41 

—  2 

38  ,1  —  4 

35 

18 

4 

49 

♦> 

m4 

46  ij  +  1 

43 

0 

40   :  —  2 

37 

19 

5 

51 

4 

48  1 

3 

45 

+  1 

42           0 

39 

20 

>* 

4 

53  ;!        6 

50  : 

i 

5 

47 

3 

44 

■  +  2 

41 

■'■TPr.^ 
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PSYCHttOMETRiC  TABLE.— DeW-POINTS  AND  RELATIVE  HUMIDITIES— ConVd. 


Air  tem- 
perature 

(OF. 

Depression  of  wet-bulb  thermometer  [t  —  t')  Fahr. 

4.2 

4.4 

4.6 

4.8 

5.0 

D.P. 

R.H. 

D.P. 

X\>«  S. 

D.P. 

R.H. 

D.P. 

R.fl. 

D.P. 

R.H. 

+  8 

9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

—53 
—39 
-^1 

—26 
—21 
—17 
—14 
—11 

—  8 

—  6 

—  3 

—  1 

+  1 

3 

7 

10 

14 
17 
20 
23 
26 

29 
31 
34 
36 
38 

. 

""--*- 

-55^ 
-40 

—31 
—26 
—21 
—17 
—14 

—10 

—  8 

—  6 

—  3 

—  1 

2 

6 

10 
13 
16 
19 
23 

25 
28 
31 

a3 

35 

1 

—57 

—41 
—31 
—25 
—20 
—16 

—13 
—10 

—  7 

—  5 

—  2 

2 

6 

9 

13 

16 

19 

22 

25 
28 
30 
33 

I 

-60 
—41 
—31 
—25 
—20 

—16 
—12 

—  9 

—  7 

—  4 

2 

5 

9 

12 

16 

19 
22 
25 

27 
30 

—59 
—40 
—30 
-24 

-19 
—15 
—12 

—  9 

—  6 

2 

5 

9 

12 

16 
19 
22 
24 
27 

Air  tem- 
perature 

(OF. 

Depression  of  wet-bulb  thermometer  (t--t')  Fahr. 

5.2 

5.4 

5.6 

1 

5.8 

6.0 

D.P. 

R.H. 

D.P. 

1 

D.P. 

1 

R.H. 

D.P. 

R.H. 

D.P. 

R.H, 

+13 
14 
15 

16 
17 

18 
19 
20 

—58 
—39 
-30 

—23 

-18 
-14 
—11 

—  8 

2 

5 
9 

12 
16 
19 
21 
24 

1 
1 

—50 
—38 

—28 
—22 
—17 
—14 
—10 

o 

5 

9 
12 
16 
19 
21 

-53 

—36 
-27 
—21 
—17 
—13 

0 

R 

9 

18 

10 

19 

—50 

—34 

26 

20 

IC 

2 

6 

9 
13 
16  ; 

—47 
—32 
—25 
—19 

3 

6 

10 

13 

Air  temperature 

{t)p. 

Depression  of  wet-bulb  thermometer  (<— f)  Fahr. 

6.2 

6.4 

6.0 

1 

6.8 

D.P. 

R.H. 

D.P. 

R.H. 

D.P. 

R.H. 

D.P. 

R.H. 

+18 

-44 
—30 
—23 

3 

7 

10 

• 

1      AV    •••••«•■«•■>•  •*«• 

19..** * 

—40 
—29 

4 

7 

—60 
-37 

1 
5 

20. 

—52 

2 
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PSYCHROMETRIO  TABLB.— DEW-POINTS  AND  RELATIVE  HtJMIDITIE8--Oont»d. 


Air  tem- 
perature 

Depression  of  wet-bulb  thermometer  (<— t')  Fahr. 

■ 

5 

1.0 

1.5 

2.0 

2.6 

(OP. 

D.P. 

R.H. 

D.P. 

R.H. 

D.P. 

R.H. 

D.P. 

RH. 

D.P. 

R.H. 

+20 

18 

92 

17 

85 

15 

77 

13 

70 

10 

63 

21 

19 

93 

18 

85 

16 

78 

14 

71 

12 

64 

22 

20 

93 

19 

86 

17 

79 

15 

72 

13 

&5 

23 

22 

93 

20 

86 

18 

80 

16 

73 

14 

66 

24 

23 

93 

21 

87 

19 

80 

18 

74 

16 

67 

.25 

24 

94 

22 

87 

21 

81 

19 

74 

^ 

68 

26 

25 

94 

23 

88 

22 

81 

20 

75 

69 

27 

20 

94 

24 

88 

23 

82 

21 

76 

20 

70 

28 

27 

94 

25 

88 

24 

82 

22 

77 

21 

71 

29 

28 

94 

26 

89 

25 

83 

24 

77 

22 

72 

dO 

29 

94 

27 

89 

26 

84 

25 

78 

23 

73 

31 

30 

95 

29 

89 

27 

84 

26 

79 

24 

74 

32 

31 

95 

30 

90 

28 

84 

27 

79 

26 

74 

Airtem<> 

Depr 

eseion  of  wet- 

bulb  thermoi 

aeter  (<— t')  Fahr. 

perature 

3 

.0 

3.5 

4.0 

4.5 

5.0 

(OF. 

D.P. 

R.H. 

D.P. 

R.H. 

D.p; 

R.H. 

D.P. 

R.H. 

D.P. 

R.H. 

+20 

8 

56 

5 

48 

+  2 
"  4 

41 

—  2 

34 

• 

27 

21 

9 

57 

7 

50 

43 

0 

36 

—  4 

29 

22 

11 

58 

8 

51 

6 

45 

+  2 

38 

—  1 

32 

23 

12 

60 

10 

53 

7 

46 

4 

40 

+  1 

+  3 

34 

24 

14 

61 

11 

54 

9 

48 

6 

42 

36 

25 

15 

62 

13 

56 

11 

50 

8 

44 

5 

38 

26 

16 

63 

14 

57 

12 

51 

10 

45 

7 

40 

27 

18 

64 

16 

59 

14 

53 

11 

47 

9 

42 

28 

19 

65 

17 

60 

15 

54 

13 

49 

11 

43 

29 

20 

06 

19 

61 

17 

56 

14 

50 

12 

45 

») 

22 

67 

20 

62 

18 

57 

10 

52 

14 

47 

31 

23 

68 

21 

03 

19 

58 

18 

53 

15 

48 

32 

24 

69 

22 

64 

21 

59 

•  19 

54 

17 

50 
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PSYCHROMETRIC  TABLE.— DEW-POINTS  AND  RELATIVE  HUMIDITIES— Cont'd. 


1 

Air  tem- 
perature 

(OF. 

Depression  of  wet-bulb  thermometer  (t— t')  Fahr. 

5.5 

6.0 

6.5 

7.0 

7.6 

D.P. 

R.H. 

D.P. 

R.H. 

D.P. 

R.H. 

D.  P.^' 

R.H. 

D.P. 

RH. 

+20 
21 
22 
23 
24 

25 
2t 
27 
28 
29 

30 
31 
32 

1 

—12 

—  8 

—  6 

—  3 

—  1 

ti 

6 

8 

10 

11 
13 
15 

20 
23 
25 

27 
30 
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It  gives  mo  gi*eat  pleasure  to  acknowledge  my  indebtedness  throughout  the 
progress  of  this  work  to  those  serving  with  me  in  the  instrument  division.  The 
mtelligent  and  able  assistance  rendered  me  by  Mr.  D.  T.  Maring  in  the  i)erfonn- 
ance  of  the  routine  work  of  the  instrument  division  has  relieved  me  of  the  con- 
sideration of  many  questions  in  this  connection  and  enabled  me  to  ^ve  a  larger 
proportion  of  my  time  to  the  exx)erimental  work  than  would  otherwise  have  been 
possible.  During  tlie  actual  observations  the  manipulation  of  the  low-tempera- 
ture apparatus,  and  particularly  the  reading  of  the  thermometers,  have  been 
almost  entirely  intnistod  to  Mr.  H.  H.  KimbalU  who  has  also  performed  the 
greater  part  of  the  mathematical  work  connected  witli  the  reduction  of  observe 
tious  and  computation  of  tables.  His  skill  and  accuracy  as  an  observer  and  com* 
puter  are,  in  addition  to  his  general  ability,  highly  commendable. 

NOTE    UPON    THE    ABNORMAL    FREEZING    OF    WATER    AND   CORRESPONDINO 

VAPOR  PRESSURES. 

During  the  progress  of  the  vapor-pressure  work  considerable  difficulty  wai 
experienced  in  freezing  the  water  capciulos  used  in  the  experiments,  and  the 
peculiar  results  obtained  indicate  the  possibility  of  water  retaining  its  liquid 
condition  under  very  unusual  circumstances. 

Mention  was  made  on  page  3t>(>  of  the  method  of  breaking  the  water  capsule  by 

freezing.    For  this  purpose  the  tube  a,  Fig.  9^  was  wholly  surrounded  by  m 

freezing  mixture  of  salt  and  ice.    In  many  instances,  even  after  from  one  to  two 

hourg'  exposure  in  this  manner  to  a  lemvera\.\iTeeou\^.ii>iQ>^V^  lvQ\n3P  to  8^  below 
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lero,  F. ,  the  water  in  the  capsule  remained  unfrozen .  It  is  true  the  transfer  of  heat 
from  the  water  through  the  vacuum  must  undoubtedly  have  been  very  slow, 
taking  place  quite  wholly  by  radiation,  yet  the  temperature  was  certainly  very 
low,  and  the  phenomenon  of  not  freezing  a  real  one,  as  the  same  result  was  ob- 
tained with  a  precisely  similar  capsule  directly  immei*scd  and  moved  freely 
about  within  the  liquid  freezing  mixture.  In  this  ca^e  there  could  be  no  doubt 
as  to  the  temperature.  In  both  of  these  cases,  although  it  was  possible  to  con- 
siderably agitate  and  jar  the  capsule,  yet  the  water  so  very  nearly  tilled  it  as  to 
be  but  very  little  disturbed ;  nevertheless  in  the  case  of  the  free  capsule  the 
small  bubble  of  space  within  could  be  made  to  move  about  from  end  to  end,  etc., 
yet  without  the  slightest  effect  to  induce  solidification.  It  was  therefore  found 
necessai'y  to  lower  the  temperature  still  further  to  effect  freezing,  which  was 
generally  successfully  accomplisned  at  temperatures  from  — lO-*  to  —15-*  F.  I  am 
dispose^l  to  believe,  however,  that  the  real  temperature  of  the  water  in  such 
cases  may  doubtless  have  been  little  lower  than  — o^,  but  that  it  could  be  appreci- 
ably higher  than  0-'  seems  scarcely  ci-edible  under  the  circumstances. 

In  mora  than  one  instance  solidification  took  place  within  the  capsule,  but  i>c- 
culiarly  enough  it  was  not  broken  thereby,  and,  m  consequence,  I  have  oven  been 
to  the  annoyance  of  entirely  refilling  the  apparatus  in  order  to  introduce  a  new 
capsule  of  thinner  glass  and  presumably  less  strong.  Subsequent  experience, 
however,  led  me  to  believe  that  in  all  these  cases  the  failui*e  to  bi*cak  the  capsule 
was  really  due  to  the  fact  that  a  part  only  of  the  water  was  frozen,  and  had  suf- 
ficient time  been  given,  the  capsule  must  surely  have  burst.  It  was  at  first  imag- 
ined, since  the  solidification  was  practically  instantaneous,  that  the  whole  mass 
froze  at  once.  This,  however,  does  not  appear  to  be  the  case,  as  is  indicated  by 
the  following  considei*ations :  Water  in  freezing  must  give  off  about  140  units  of 
heat.  If  now,  without  freezinij ,  the  temperature  be  lowered  to,  say,  — 5-  F.,  that 
is,  37^  below  the  normal  freezing  point,  about  37  units  of  heat  have  been  with- 
drawn in  lowering  the  temperature  more  than  Ls  really  necessary.  When,  there- 
fore, solidification  once  starts  the  dissipation  of  37  units  of  the  latent  heat  of  freez- 
ing can  take  place  with  great  suddenness  and  operates  to  wann  up  the  whole 
mass  of  water  to  its  normfS  freezing  point.  On  this  account  less  than  one- third 
of  the  water  can  suddenly  freeze,  and  further  solid ific-ation  can  take  place  only 
on  the  slow  dissipation  of  the  latent  heat. 

Phenomena  of  this  character  were  i'ej)eatedly  observed  with  different  capsules, 
and  subsequently  a  few  other  experiments  in  the  same  direction  wei'c  made. 
Thus,  a  capsule  of  somewhat  larger  dimensions  was  attached  to  a  piece  of  spirit- 
thermometer  tubing  having  a  comparatively  fine  bore.  This  was  filled  with  well- 
boiled,  distilled  water  and  sealed  up  after  the  manner  of  a  thermometer. 

The  elimination  of  air  from  tno  water  or  the  space  above  was  by  no  means  so 
perfect  iij  this  thermometer  as  in  the  capsules  used  in  the  vapor-pressure  tubes. 
Marks  were  made  on  the  tubes  at  the  points  opposite  the  top  of  the  water  col- 
umn when  the  bulb  was  in  ice,  and  also  at  the  temperature  of  maximum  density. 
Thus  the  water  was  made  to  roughly  indicate  its  own  terajxirature,  but  moro  i)ar- 
ticularly  showed  the  changes  in  volume  with  temperature.  When  the  bulb  was 
immersed  and  moved  about  within  the  freezing  mixture,  the  column  would  soon 
fall  to  the  point  of  maximum  density,  and  would  graduallv  ascend  again  and  pass 
considerably  beyond  the  line  marking  the  volume  at  the  freezing  point,  showing 
thereby  that  the  expanMon  obseired  to  take  place  in  water,  from  the  point  of  imtximwn 
density  to  the  nonnal  freezing  point,  is  continnonHwhcn  under  nwf  circumstanccit  the 
looter  may  be  cooled  belou:  this  tioi'mal  freezing  point  without  solidification.  As  soon, 
however,  as  the  water  reaches  the  point  at  which  it  will  start  to  fi'eeze,  there  is 
a  very  sudden  solidification  of  a  part  of  the  water,  and  the  increase  in  volume  is 
very  great,  forcing  the  unfrozen  water  far  up  into  the  chainlx?r  at  the  top  of  the 
stem. 

The  structure  of  the  ice  in  these  cases,  as,  in  fact,  in  all  others  of  sudden  freez- 
ing, Is  coarsely  crj'stalline.  presenting  many  arrangfoment.s  of  long,  interlacing 
needles,  and  giving  a  somewat  milky  color  to  the  whole.  An  instant's  exposure 
of  the  frozen  bulb  to  the  air  quickly  loosens  the  ico  from  the  walls  of  the  bulb, 
and  as  it  melts  slowly  can  be  seen  to'rise  to  the  top  side  of  the  bulb  as  the  latter 
is  revolved  or  turned  about  into  different  positions.  The  ice  seems  to  be  a  com- 
paratively compact  mass  throughout,  not  shell-like,  as  might  be  imagined. 

When  the  small  quantities  of  water  used  in  tht;  vapor-pressure  bulbs  were  siib- 
Jeotod  to  low  temperatures,  here  also  freezing  never  took  ])lace  at  the  normal 
temperature.  As  the  temperature  of  the  bath  in  which  the  bulb  of  the  pressure 
apparatus  was  immersed  was  graduallv  lowered  during  the  observations,  it  was 
customary  to  frequently  lift  up  the  bulb  and  examine  if  the  water  was  frozen. 
This  was  never  found  to  be  the  case  until  the  temperature  was  many  degi*ecs  h&* 
low  the  nonnal  freezing  point,  and  no  amount  of  agitation  huOl  t^\ov\i\Tv^>3\)o\\\.  oiV. 
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the  water  had  any  visible  ofTect  in  hastening  the  freezing.  It  was  not  practicable 
to  actually  witness  the  freezing;  after  passing  somo  low  temperature  the 
water  was  found  to  be  frozen.  On  several  occasions  the  mercurial  columiui  were 
continuously  watched  during  the  lowering  of  temperature.  Presently  a  sudden 
increase  was  observed  to  take  place  in  the  vapor  pressure,  followed  by  neai*ly  as 
sudden  a  return  to  the  pi'evious  condition.  The  mercurial  columns  in  these  oases 
never  i>eached  closely  their  positions  corresi)onding  to  the  pressure  at  the  normal 
freezing  point.  This  action  takes  place  no  doubt  at  the  instant  of  freezing  and 
indicates  a  rise  in  the  temperature.    The  large  surface  of  exposure  of  the  bulb 

1)revents  any  great  difference  of  temi)eratui'o  between  the  vapor  within  and  the 
>ath,  and  the  small  quantity  of  water  is  very  quickly  entirely  frozen. 

On  page  308  it  it  shown  how  the  water  may  be  made  to  frost  itself  over  the  inner 
surface  of  the  large  bulb.  On  one  occasion  this  was  tried  by  placing  the  large 
bulb  in  the  bath  at  a  temperature  of  about  2.'/-^  F.  After  some  time  the  water 
had  entirely  distilled  into  the  large  bulb,  and  this  being  as  much  as  7^  below  the 
freezing  point  it  was  expected  to  Und  an  even  coat  of  frost  inside.  On  examina- 
tion, however,  the  vapor  had  not  condensed  as  frost,  and  water  in  the  liquid  state 
only  was  found.  The  temperature  was  then  lowered,  as  usual,  to  nearly  5^  before 
the  water,  as  shown  by  frequent  examinations,  and  notwithstanding  much  agita- 
tion, was  found  frozen. 

The  water  in  this  same  })ulb,  on  other  occasions,  was  always  frozen  at  a  tern- 
jKjrature  of  10^  as  was  also  the  water  in  the  other  pieces  of  appatratus.  As  near 
as  could  be  told  the  teraiM*raturo  of  freezini>r  was  about  IP  to  14^  F.  We  have 
in  this  then  not  only  the  abnormal  exLstenoe  of  water  in  the  liquid  state  at  verv 
unusual  temperatui*es  but  a  somewhat  corresponding  behavior  of  the  vapor  which 
docs  not  necessarily  solidify  on  condensation  at  a  temperature  lower  than  the 
normal  freezing  ix)int. 

This  experiment  of  diHtillation  was  repeated  on  another  occasion  with  the  tom- 
peratui*e  of  condensation  at  about  S'-^F.  In  this  case  the  water  in  the  small  bulb 
was  almost  instantly  frozen  by  its  own  evaporation  and  persistently  remained  ao 
despite  moderate  applications  of  heat,  such  as  tlie  hand,  warm  wator,  etc.  After 
all  the  ice  had  distilled  into  the  large  bulb  the  latter  was  found  to  be  beautifully 
coated  Inside  with  thin  ice  crystals. 

In  order  to  examine  some  i)()int3  respecting  the  freezin/f  of  water  under  these 
circumstances,  a  bulb  not  encumbered  with  the  manometrio  tubes  and  mercurial 
colunms  was  exhaustofl  and  a  capsule  of  water  broken  within.  In  this  case  the 
water  capsule  froze  and  burst  after  about  two  hours'  exposure  in  an  ice  and  salt 
mixtiu'c  at  a  temperature  not  at  any  time  higher  than— 3^  F.  The  water  in  this 
])ulb  behaved  in  all  respects  similar  to  that  in  the  regular  vapor  pressure  tubes 
and  even  when  violently  shaken  could  not  be  frozen  until  cooled  to  a  temporaturo 
of  about  12^  F.  If,  liowever,  the  water,  once  frozen,  was  almost  entirely  melted, 
leaving  only  a  small  fragment  of  ice,  and  then  again  cooled  slightly  Dolow  the 
normal  freezing  iwint,  the  whole  mass  soon  became  solid.  The  presence  of  the 
small  fragment  of  ice  at  starting  seems  necessary  to  induce  i»olidmcation  at  the 
normal  freezing  temperature. 

When  air  was  admitted  to  this  bulb  and  the  wator  shaken  about  a  few  minutes, 
it  could  be  frozen  at  about  25- F. 

ABNORMAL  VAPOR  PRESSURES. 

Tn  ail  the  observations  of  the  vapor  pressure,  when  the  temi)erature  of  the 
water  was  below  the  normal  freezing  point  and  the  wator  still  in  the  liquid  state, 
the  pressure  was  always  observed  to  be  greater  than  when  the  water  at  the  same 
temperature  was  in  the  form  of  ice.  The  following  table  shows  the  difToi^ncoa 
found  in  the  pi'essures  under  these  circumstaneci*: 
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The  same  methods  have  heen  followed  in  combining  the  i-e&iilt^  by  the  differ* 
ent  tubes.  a«  have  been  ali*cady  described  in  connection  with  Table  iii. 

Although,  in  all  cases,  the  water  would  remain  liquid  at  temperatui*cs  far  be- 
low the  normal  freezing-  point,  yet,  after  being  once  frozen,  no  melting  could  be 
detected  until  a  temperatura  of  32^  was  reached.  At  this  point  melting  always 
began,  and  the  vapor  pressures  thus  observed  can  not,  therefore,  be  considered 
sti^ctly  as  observed  over  ice,  as  it  was  impossible  to  prevent  incipient  melting, 
giving  rise  to  at  least  a  thin  film  of  water  over  the  ice.  The  vapor  pressures 
measured  over  ice  at  temperatures  a  fraction  of  a  degree  below  32f^,  and  given  in 
the  second  value  in  Table  m,  agree  so  closely  with  those  over  water  exauHy  at 
^Sat'  as  to  lead  to  the  conclusion  that  the  vapor  pressure  over  dry  ice  at  the  melt- 
ing point  is  exactly  the  same  as  that  over  water  at  the  normal  freezing  point. 

The  striking  agreement  with  Broch^s  tables,  of  vapor  pressures  from  water  at 
temperatures  at  which  it  should  be  frozen  but  still  remains  liquid,  is  remarka- 
ble and  seems  very  significant. 

The  last  value  in  the  table  above  is  the  result  of  only  one  observation  taken 
with  tube  No.  8,  which  may  account,  in  part  atlea«t.  for  the  larger  difference  in 
the  last  column. 

The  peculiar  behavior  of  water  as  thus  discussed,  has  in  some  particulars  been 
obeerved  by  others,though  the  general  impression  appeara  to  be  that  a  little  agita- 
tion or  disturbance  is  suttlcient  to  induce  freezing  whenever  the  temperature  is 
below  the  normal  freezing  point.  This  is  not  at  all  the  case  with  the  experiments 
above  described,  as  the  temperature  at  which  solidification  took  place  seemed 
quite  definite  and  dewnded  wholty  upon  temperatui*e. 

I  have  not  been  able  to  find  any  note  of  the  abnormal  freezing  of  water  under 
quite  the  circumstanoes  of  my  own  experiments. 

Boussingault  (Comptes  Rend.,  Tome  LXXin,  p.  77)  perfectly  filled  a  very 
strong  steel  cylinder  with  water  at  its  maximum  donsitywhich  was  afterwards 
not  frozen  upon  long  ex}x>sure  at  a  temperature  —  24'^  C.  Here  the  effect  of  enor- 
mous pressure  comes  into  play. 

Dufour  (Ann.  Chim.  et  I^hys.,  T.  Lxviii,  p.  370)  discusses  the  nonfi*eezing  of 
globules  of  water  in  suspension  within  an  another  liquid  of  same  density. 

Water  In  very  fine  capillary  tubes  has  also  been  observed  by  Sorby  (Phil. 
Mag.,  4th  series.  Vol.  xviii,  p.  105)  to  retain  the  liquid  state  at  very  low  tem- 
peratures. Fine  mist  particles  have  also  been  observed  to  bo  in  the  liquid  state 
at  temperatures  much  below  the  freezing  point. 

The  almost  perfect  elimination  of  air  and  dast  particles  from  the  water  seems 
to  have  very  much  to  do  with  these  peculiar  phenomena  of  solidification. 

Paut  II.— Normal  Barometeu. 

The  Signal  Service  standard  of  barometric  pressure  has,  at  least  in  recent  years 
if  not  since  the  establishment  of  the  Service,  aimed  to  be  a  copy  of  the  Kcw  stand- 
iu*d.  With  this  object  in  view  a  number  of  carefully  constructed  cistern  barome- 
ters of  the  Adie  pattern,  with  tubes  having  an  internal  diameter  of  about  10  mm., 
were  procured  abroad  and  carefully  compared  with  the  Kew  standards.  Many 
intercomparisons  of  these  barometers  among  themselves  and  with  other  instru- 
ments used  previously  by  the  Service  as  standards  were  made,  and  the  whole  sub- 
ject of  the  standard  of  barometric  pressure  studied  and  reported  upon  in  1881  by 
aboai*d  appointed  for  that  purpose.  Their  report  is  to  be  found  on  p. 1126,  an- 
nual report  of  the  Chief  Signal  Omcer.  18S1. 

Subsequently  a  slight  readjustment  of  (rorroctions  of  four  of  the  Adie  barome- 
ters was  made  in  oruer  to  bring  their  indicated  pressures  into  agreement,  and 
one  of  the  four,  viz :  number  1526,  believed  to  be  the  best  of  the  lot,  was  ofticittlly 
designated  as  the  standard. 

Comparative  readings  between  the  four  barometers  referred  to  above,  together 
with  a  standard  barometer  made  by  Green,  of  New  York,  have  been  made  regu- 
larly every  month,  with  very  few  exceptions,  until  the  present  time.  These  com- 
parisons still  show  a  very  close  agreement  between  the  barometers,  and  we  are 
justified  in  saying  that  no  preceptible  deterioration  has  taken  place  or  change 
oecurred  in  the  standards  of  pressure. 

It  has  long  been  recognized  that  such  a  standard  of  barometric  pressui*e  was  of 
doubtful  and  uncertain  accuracy,  and  steps  have  been  taken  from  time  to  time  to 
establish  a  normal  barometer  of  the  best  possible  construction.  A  length  com- 
parator, and  a  very  excellent  cathetometer  already  menticmed  above  on  ]).  357, 
were  procured  some  years  since.  Also,  two  stanaards  of  len>;th,  a  yard  and 
meter,  bar  and  a  similar  bar  a  half  meter  in  length.    These  latter  were  ruled  by 
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Prof.  William  A.  Rogers,  and  their  corrections  and  coefficients  of  expansions 
carefnlly  determined. 

The  first  steps  toward  the  improvement  of  the  Signal  Service  barometric 
standard  were  made  by  Prof.  Russell,  who  set  up  a  barometer  tube  of  very  laree 
diameter  filled  with  mercury  after  having  been  first  carefully  exhausted.  No 
convenient  arrangements  were  provided  for  changing  noticeably  the  size  of  the 
vacuum  chamber,  and  it  was  therefore  impracticable  to  determine  fully  the  real 
«tate  of  the  vacuum.  From  electrical  discharges,  however,  passed  through  the 
tube  before  it  was  filled  with  mercury,  the  character  of  the  spark  and  interval 
between  centers  of  luminosity  indicated  a  comparatively  good  state  of  exhaustion 
but  by  no  means  as  perfect  as  it  was  possible  to  attain.  The  office  was  at  that  time 
not  itself  in  possession  of  facilities  for  exhausting  the  tube,  and  was  obliged  to  de- 
pend for  the  exhaustion  upon  the  manufacturer  of  the  tube.  The  filling  was  ac- 
complished by  breaking  oft  under  mercury  the  tip  of  a  long,  narrow  end  provided 
for  tnat  purpose  and  allowing  the  tube  to  fill.  It  seems  scarcely  possible  to  se- 
cure the  most  satisfactory  results  in  this  way,  even  with  a  highly  exhausti^ 
tube  to  begin  with.  The  rapid  inrush  of  mercury  is  apt  to  drag  in  with  it  air 
adhering  to  the  outer  surfaces  of  the  tube  and  thus  impair  the  vacuum.  In  read- 
ing this  barometer  the  mercurial  surface  at  the  top  of  the  column  was  sighted  by 
Marek's*  reflection  method,  similar  principles  being  employed  for  sighting  the 
mercurial  surface  in  the  cistern. 

In  developing  a  form  of  normal  barometer  it  is  necessary  to  consider  the  causes 
leading  to  errors  in  the  measurement  of  the  barometric  height.  The  first,  and 
perhaps  the  most  importsmt,  of  these  is  the  imperfect  condition  of  the  vacuum 
at  the  top  of  the  mercurial  column.  To  render  this  so  perfect  as  not  to  produce 
a  sensible  depression  of  the  mercurial  column  requires  great  care  in  the  exhaus- 
tion and  construction  of  the  barometer,  yet  modern  appliances  render  it  possible 
to  attain  a  very  satisfactory  state  of  affairs  in  this  i*espect.  Nevertheless,  the 
instrument  can  not  be  regarded  as  of  high  accuracy  without  some  means  either 
of  dii*ectly  measuring  the  vacuum  from  time  to  time  or  of  renewing  it,  as  one 
may  desire.  To  accomplish  the  first  of  these,  it  is  generally  sufficient  to  con- 
struct the  barometer  so  that  the  volume  of  the  vacuum  chamber  can  be  increased 
and  diminished  by  lowering  and  raising  the  cistern.  The  renewal  of  the  vac- 
uum at  any  time  is  rendered  possible  by  one  or  more  ingenius  arrangements  that 
have  been  devised  from  time  to  time,  such  as  the  one  employed  in  the  barometer 
described  below. 

A  second  source  of  error  is  found  in  the  capillary  action  of  the  mercury  and 
glass.  This,  however,  can  be  wholly  avoided  by  using  tubes  of  large  internal  di- 
ameter, so  that  the  central  portion  of  the  top  of  the  mercury  column  shall  be  per- 
fectly flat.    Fully  30  mm.  in  diameter  is  necessary  for  this. 

A  third  and  very  important  cause  of  inaccuracy  in  readings  of  barometers  is 
the  uncertain  amount  of  the  correction  for  the  temperature  of  the  mercury  and 
scale.  The  mean  of  a  large  number  of  readings,  taKcn  under  all  sorts  of  condi- 
tions, is  probably  very  little  in  error  in  most  cases,  but  for  single  readings  it  is 
very  important  that  the  exact  mean  temperature  of  the  barometric  column  should 
be  icnown.  In  order,  too,  that  various  barometers,  even  when  reduced  to  a  stand- 
ard temperature,  should  agree  when  exposed  to  the  same  pressure,  it  is  neces- 
sary that  the  mercury  be  in  each  case  of  the  same  normal  density.  It  is,  there- 
fore, necessary  to  know  accurately  the  exact  normal  density  of  the  mercury  in 
any  particular  barometer,  and  to  correct  for  this  if  it  departs  frqm  a  standard 
density. 

With  such  conditions  as  these  in  mind  the  barometer  shown  in  Fig.  11  has 
been  prepared.  In  order  to  determine,  by  trial,  the  best  method  of  sighting  the 
mercurial  menisc^uses,  and  also  the  most  convenient  and  satisfactory  arrange- 
ment of  the  parts  and  accessories,  only  a  temporary  wooden  mounting,  shown  in 
the  figure,  has  been  used  thus  far.  Later,  when  all  the  accessories  are  devel- 
oped and  ari*anged  in  the  most  complete  and  convenient  manner,  the  temporary 
support  will  be  replaced  by  a  substantial  permanent  mounting. 

Tne  barometer  tube  proper,  a  b  c.  U  in  the  form  of  an  inverted  U.  The  nar- 
row portion  a,  has  an  internal  diameter  of  about  7  mm.;  the  enlarged  portion  6, 
is  about  30  mm.,  internal  diameter.  The  top  of  6  is  narrowed  down  and  fused  to  a 
long,  slender,  capillary  tube,  c,  of  only  about  one-half  millimeter  internal  diam- 
eter. The  lower  poi'tion  of  the  capillary  tube  Ls  provided  with  a  double  turn  and 
a  small  chamber,  c\  while  the  end  of  the  tube  itself  dips  into  a  small  vessel  of 
mercury.    The  crooked  end  and  chamber  form  a  reservoir  of  mercury  that  lessen 
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tlie  poesibility  of  air  accidentally  entering  the  barometer  if  the  end  of  the  capil« 
lary  tube  should,  in  any  event,  become  uncovered  with  mercury.  The  lower 
end  of  tube  a,  entering  the  ciBtem,  is  narrowed  and  turned  upward,  forming  a 
short  i^yphon  trap.  The  cistern  has  the  peculiar  form  shown,  and  is  very  deep, 
8o  tiiat  it  can  be  raised  and  lowered  very  much.  The  two  arms  A,  A',  of  the  cis- 
tem  communicate  with  each  other  at  the  bottom,  and  also  just  beneath  the  en- 
larged portion  at  A.  This  latter  communication  is  desirable,  in  order  to  facilitate 
the  free  interchange  of  the  mercury  in  the  two  sides  to  the  more  easily  preserve 
equilibrium  in  the  temperature. 

The  cistern  is  attached  to  a  suitable  board  moving  by  means  of  a  rack  and  pin- 
ion arrangement  between  the  guides  on  the  barometer  support.  Secured  to  this 
slide  is  also  a  small  shelf  supporting  the  bottle  B  contaming  a  supply  of  pier- 
cury  for  use  when  the  cistern  is  raised  and  lowered.  The  cork  of  the  bottle  B, 
is  fitted  with  the  i^yphon  tube  and  also  a  small  air  vent.  The  syphon  tube  dips 
into  the  mercui^  in  the  arm  A'  of  the  cistern.  An  ordinary  ruober  hand-bmb 
can  be  attached  to  the  air  vent.  The  syphon  may  be  started  once  for  all  by 
squeezinfi^  the  rubber  bulb  sufficiently  to  lorce  the  mercury  through  the  syphon 
tube.  wlm;h  is  fitted  with  a  stop-cock,  as  shown. 

Wnen  the  cistern  is  raised,  mercuiy  must  of  course  be  supplied  to  fill  up  the 
lar^  space  in  the  top  of  the  barometer.  When  the  cistem  is  nearly  filled  and 
at  Its  highest  point,  the  mercury  rises  to  the  extreme  top  of  the  barometer  tube. 
Any  air  or  gases  in  the  vacuum  space  are  compressed  at  first  and  finally  driven 
into  the  fine  capillary  tube  c,  where  they  are  imprisoned  by  the  mercury  falling 
into  the  vertical  part  of  the  tube,  and  may  ultimately  be  carried  out  entirelv, 
after  the  manner  of  the  action  of  a  Sprengel  pump.  When  the  mercury  is  with- 
drawn from  the  capillary  tube  a  wholly  new  vacuum  is  formed  by  the  breaking 
apart  of  the  mercury  at  some  point  in  the  horizontal  part  at  the  top.  Thfi 
highly  ingenious  and  effective  provision  for  renewal  of  the  barometric  vacuum 
is,  I  believe,  originally  due  to  Prof.  Wright,  of  Yale  University. 

With  such  an  arrangement  of  the  barometer  we  may  not  only  greatly  varv  the 
volume  of  the  vacuum  chamber,  but  the  vacuum  may  be  whoQy  renewed  and 
made  very  perfect,  as  has  just  been  explained. 

It  will  be  noticed  that  all  iMkrts  of  the  barometer  with  which  mercury  has  con- 
tact are  of  glass.  This  is  believed  to  be  a  desirable  condition  that  should  always 
be  secured. 

The  barometric  scale  can  be  of  almost  any  description,  and  will  be  adjustably 
suspended  near  the  barometer  tube ,  as  may  be  desired.  The  meter  scale  now  pro- 
vided consists  of  a  cylindrical  steel  rod  five-sixteenths  inch  in  diameter,  slightly 
flattened  upon  one  side  for  the  rulings,  which  are  in  millimeters  for  the  whole 
length  of  the  sc^e. 

The  real  worth  of  instruments  of  this  character  is  in  the  excellence  with  which 
the  tube  has  been  exhausted  and  filled. 

The  following  brief  description  of  the  method  of  preparing  and  mounting  this 
barometer  is  given : 

The  glass  iSed  is  of  the  same  composition  as  that  of  the  vapor  pressure  tubes 
already  described  in  Part  i,  and  has  been  selected  with  particular  care.  Some 
thought  was  at  first  entertained  of  havinpr  the  upper  portion  of  the  tube  carefully 
pnround  and  polished  by  skilled  opticians  in  order  to  lessen  or  prevent  errors  from 
irregular  refraction  by  the  glass  tube.  The  process  of  grinding  and  polishing 
such  tubes  as  could  be  used,  and  the  great  liability  of  the  finished  tube  cuterward 
cracking  into  pieces  on  being  heated  for  attaching  the  various  parts,  not  only 
presents  many  difficulties  and  involves  such  grave  uncertainties  of  being  success- 
fully accomplished,  but  also  is  so  doubtful  of  recdly  improving  in  noticeable  de- 
gree the  optical  uniformity  of  the  tube,  that  the  idea  is  not  believed  practicable. 

The  first  step  in  the  assembling  of  the  parts  of  the  barometer  is  to  prepare  the 
cistern.  This  is  thoroughly  washed  and  dried,  using  methods  similar  to  those 
applied  in  the  washing  and  drying  the  vapor-pressure  tubes.  After  draining  out 
the  alcohol  used  in  the  last  washing  a  piece  of  clean  kid  leather  is  securely  tied 
over  the  end  of  tube  A  of  the  cistern.  The  other  end  is  fitted  with  a  cork  and 
tube  connecting  with  the  air  pump.  By  dipping  the  wide  end  in  mercury  so  as 
to  cover  up  the  leather  the  tucx)  may  be  exhausted  and  dried  in  the  usual  manner, 
the  mercury  and  leather  covering  serving  to  offoctually  seal  that  end  of  the  tube. 
When  quite  well  dried  and  while  still  warm,  mercury,  also  warm,  is  poured  in 
through  a  long,  fine-necked  funnel.  The  cistern  is  next  secured  to  its  slide  and 
set  aside  until  the  barometer  tube  is  filled. 

The  means  used  to  exhaust  and  fill  this  tube  were  in  all  respects  similar  to 
those  described  on  pages  354  and  360,  in  connection  with  the  construction  of  the 
▼apor-preseure  tubes. 
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The  operations  of  washing  and  drying  wcro  carried  on  with  great  card  and 
made  most  effectual. 

Fig.  10  shows  in  general  the  arrangements  of  the  tubo  and  accessories  as  at- 
tached to  the  air  pumps  for  drying,  exhaustion,  etc.  The  bent  portions  d  the 
tubes  at  a  and  h  are  represented  for  greater  clearness  as  in  the  plane  of  the  paper, 
but  are  preferably  at  right  angles  to  that  piano,  especially  a.  After  a  very  tnor- 
ough  drying  theltnal  exhaustion  was  carried  on  over  a  period  of  four  or  Ave  days, 
with  f i-equont  heatings  of  the  tube  in  order  to  more  effectually  dislodge  gases 
adhering  to  tho  glass  surfaces.  When  the  vacuum  was  as  i)erfect  as  possible  the 
barometer  tube  was  sealed  off  from  tho  pump  at  such  a  point  as  at  U  The  flow 
of  mercury  into  the  exhaflsted  tubo  was  effected  by  increasing  the  air  pressure 
in  the  bottle  M  sufflcient  to  raise  the  moroury  over  tho  bend  at  &,  thus  effect- 
ing a  continuous  flow  into  the  bwometer  tube  until  the  latter  is  entirely  filled, 
having  due  regard  for  plent;^  of  opportunity  for  the  mercury  to  expand  if  its 
temperature  is  afterwards  higher.  Any  air  and  residual  gases  not  exhausted 
from  tiie  barometer  tube  are  driven  before  the  advancing  mercury  and  finally 
compressed  in  the  end  of  the  tube  at  U  The  air  pressure  in  the  botUe  M.  always 
under  control  by  means  of  the  three-way  cock  at  v,  may  be  reduced  when  the  tube 
i^  filled  and  the  flow  of  mercury  interrupted.  The  tube  of  the  mercury  bottle  is 
next  fused  off  near  h.  Throughout  these  operations  the  barometer  tube  is  mounted 
upon  a  bofl^  to  facilitate  handling,  etc.  After  separation  from  the  pump  and 
mercury  bottle  the  whole  is  laid  horizontally  and  transferred  to  the  temporary  sup- 
port, also  in  a  horizontal  position.  The  bend  at  a  and  its  connecting  tube  out  to  t 
now  project  upward,  giving  rise  to  a  small  mercury  pressure  inside,  tending  to 

grevent  the  separation  of  the  mercury  at  any  point  while  handling.  When  all 
as  been  secured  to  the  support  the  end  portion  of  the  tube  near  t  is  broken  off 
sharply  at  the  bend  d,  exposing  tho  mercury  at  this  point  to  the  air  pressure. 

The  top  end  of  the  support  and  barometer  tube  may  now  be  raised- at  a  very 
considerable  angle  without  any  danc^er  of  mercury  escaping  from  the  lower  end. 
In  this  position  the  cistern  flUed  with  mercury  and  attached  to  its  sUde,  as  al- 
ready described,  is  inserted  in  the  ffuides  and  raised  until  the  lower  end  of  the 
barometer  tube  is  wholly  submerged  and  the  cistern  at  its  highest  position.  The 
narrow  cylindrical  form  of  the  cutem  easily  permits  inclining  it  very  much  to 
the  vertical  without  danger  of  spilling  the  mercury,  especially  with  the  wide  end 
at  A  covered  with  kid  skin,  as  explained  above.  The  barometer  mi^  now  be 
raised  to  the  vertical  and  is  easily  and  safely  moved  about  as  may  be  desired. 
On  lowering  tho  cistern  by  its  rack  and  pinion  attachment  the  barometric  column 
takes  its  normal  height.  It  now  remains  only  to  break  open  the  lower  end  of 
the  capillary  tube  and  place  beneath  it  any  suitable  cistern.  The  level  of  the 
mercury  in  tho  capillary  tube  immediately  falls,  of  course,  to  its  normal  bo^ro- 
metric  height. 

At  tho  present  time  the  progress  of  the  work  upon  the  normal  barometer  has 
extended  out  little  beyond  the  actual  setting  up  of  the  instrument  emd  has  been 
conducted  at  intervals  between  the  experimental  work  upon  vapor  pressures. 

The  reconstruction  of  piers  and  other  repairs  and  improvements  In  the  stand- 
ards room  subsequently  gave  rise  to  still  further  interruption. 

The  careful  comparison  of  the  normal  with  the  service  standards  iSi  therefcve, 
reserved  for  future  discussion. 
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BEPOBT  OF  BIBLIOGRAPHER  AND  LIBRARIAN. 

Library,  Signal  Office,  Jime  so^  1891. 

8lB :  I  have  the  honor  to  transmit  to  you  the  following  statement  relating  to 
the  work  of  the  bibliographer  and  librarian  for  the  fiscal  year  ending  June  30, 
1891: 

LIBRARf. 

In  recommending  books  for  purchase  and  in  collecting  by  exchange  for  the 
library,  the  policy  adopted  by  you  in  1887  has  been  followed,  of  confining  all 
additions  to  the  library  strictly  to  publications  necessary  for  making  this  a  work- 
ing meteorological  and  military  signaling  library.  In  following  out  this  policy, 
from  500  to  600  volumes  and  pamphlets  belonging  to  the  library  have  during 
the  past  two  years  been  discarded  as  not  bearing  closely  enough  upon  the  work 
of  the  offloe.  These  volumes  are  in  addition  to  the  1,261  vo^mes  transferred  to 
the  War  Department  library  by  your  order  in  1887. 

Nine  hundred  and  fifty  volumes  and  350  pamphlets  have  been  added  to  the 
library  during  the  year,  making  a  total  at  present  in  the  library  of  12i482  vol- 
umes and  about  3,000  pamphlets ;  of  these  about  500  volumes  and  about  200  pam- 
phlets relate  to  military  signaling. 

By  far  the  greater  number  and  the  more  valuable  publications  in  the  library 
have  been  obtained  through  a  system  of  mutual  exchange  with  home  and  for- 
eign weather  services  and  with  scientific  societies,  the  small  amount  of  money 
available  for  books  being  spent  in  the  purchase  of  periodicals  and  the  more  im- 
portant private  publications. 

The  new  alcoves  and  additional  shelving  provided  for  the  library  in  the  fall 
and  winter  of  1889-'90  have  made  it  possible,  for  the  first  time  in  the  history  of  the 
service,  to  arrange  the  books  upon  the  shelves  in  an  orderly  manner  so  as  to 
make  them  readily  accessible  when  called  for.  This  classified  arrangement  of 
the  books  was  completed  during  the  present  year. 

The  policy  adopted  by  some  of  the  larger  libraries  of  the  country  of  loaning 
books  to  persons  at  distant  points  who  are  engaged  in  special  investigations  has 
been  followed  during  the  year  with  gratifying  results,  the  recipients  expressing 
themselves  as  greatly  aided,  while  in  no  case  has  the  library  suffered  the  loss  or 
mutilation  of  a  single  volume  or  pamphlet. 

It  is  a  source  of  pleasure  to  note  that,  so  far  as  can  be  judged  from  printed  cat- 
alogues at  hand  and  from  an  inspection  of  the  reports  of  the  directors  of  foreign 
meteorological  services,  the  library  of  the  Signal  Service  compares  favorably 
with  any  of  the  special  libraries  devoted  mostly  to  meteorology,  as  regards  the 
amount  of  printea  literature  and  the  convenience  of  its  arrangement  for  refer- 
ence. While  the  library  is  very  deficient  in  the  earlier  publications,  it  is  well 
represented  in  recent  literature  from  about  1850,  and  is  especially  rich  in  obser- 
vations, weather  maps,  and  bulletins. 

BIBLIOGRAPHY. 

During  the  fiscal  year  just  ended,  two  additional  divisions  of  the  bibliography 
of  meteorology  have  been  reproduced  by  the  milliograph  process,  the  division  of 
winds  and  that  of  storms,  the  former  comprising-  about  2,000  titles,  the  latter 
about  4,300  titles. 

The  following  tiib^*  shows  the  number  of  books  and  papers  represented  in  the 
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divisions  thus  far  issued,  the  number  and  precentage  in  the  library  of  the  Signal 
Office,  and  the  number  of  authors : 


■ 

When 
issued. 

Number 
of  titles. 

Number 

in  library 

of  Signal 

Office. 

Percent- 
age in 

library  of 
Signal 
Office. 

Number 

of 
authors. 

Part  I.  Temperature 

Part  II.  Moisture  .-. 

1889 
1889 
1891 
1891 

4,400 
5,500 
2,000 
4,300 

2,100 
2,435 
1,100 
2,380 

47 
44 

55 
54 

1,800 
2,650 

Part  III.  Winds 

960 

Part.  IV.  Storms 

1,647 

1 

Total 

16,200 

8,015 

50 

1 
1 

As  shown  by  the  above  table,  about  16,000  titles  are  comprised  in  the  diriaions 
published,  or  about  one-fourth  of  the  entire  catalogue. 

As  opportunity  was  afforded  during  the  year,  titles  were  added  to  the  catalogue, 
extending  the  period  covered  from  1881  to  1889.  The  total  number  pf  Utles  now 
on  hand  is  about  60,000,  of  which  about  10,000  fall  within  the  period  from  1882-'89. 
The  general  bibliography  has  been  serving  the  purpose  of  a  library  catalogue 
by  the  addition  of  the  abbreviation  '^(Sig.)"  to  the  title  to  indicate  the  presence 
of  the  publication  in  the  library  of  this  office. 

As  an  appendix  to  this  report,  a  list  is  submitted  containing  the  publications 
of  the  Signal  Service,  excepting  such  as  were  issued  only  for  the  information  (d 
members  of  the  service,  and  another  list  containing  such  publications  of  indi- 
viduals connected  with  the  service  as  were  published  during  the  lime  of  such 
connection  and  as  bear  upon  the  work  of  the  service. 
Very  respectfully, 

O.  L.  Fabsig, 
Bibliographer  and  Ubrariaiiu 
Gen.  A.  W.  Greely, 

CMrf  8i{ttud  Officer, 


BLICATIONS    OP   THE   U.   S.   SIGNAL   SERVICE   FROM  1861    TO 

JULY  1,  1891. 

Eleport  of  the  Sljornal  Officer  of  the  Army  to  the  Secretary  of  War.  8vo. 
Wash.,  1861-1891 .  1861-1863,  Albert  J.  Myer,  Signal  Officer.  1864,  W.  J.  L. 
Nicodemus,  Acting  Signal  Officer.  1865, 1866,  B.  F.  Fisher,  Chief  Signal 
Officer.  1867-1880,  Albert  J.  Myer,  Chief  Signal  Officer.  1881-1886,  W.  B. 
Hazen,  Chief  Signal  Officer.    1887-1891 ,  A.  W .  Greely ,  Chief  Signal  Officer. 

Manual  of  Signals  for  the  use  of  Signal  Officers  in  the  Field,  by  All^rt  J.  Myer, 
Bvt.  Brig.  Gen.  and  Chief  Signal  Officer,  U.  S.  Army.  8vo.  N.  Y.,  1868, 
1872,625  pp.    111.    8vo.    Wash.,  1877, 1879. 

[nstructions  for  Acting  Sigpial  Officers.    8vo.    Wash.,  1869, 148  pp.,  10  pis. 

Eleport  of  the  Operations  and  Duties  of  the  Signal  Department  of  the  Army, 
from  its  Organization  to  the  End  of  the  Civil  War.  (Compiled  by  Capt. 
Howgate.)    8vo.    (Washington,  1869?)  258  pp.    (No  title  page.) 

Z^autionary  Signals.  Division  of  Telegram^vnd  Reports  for  the  Benefit  of  Com- 
merce.   8vo.    Wash.,  1871, 11  pp. 

Practical  use  of  Meteorological  Reports  and  Weather  Maps.  8vo.  Wash.,  1871, 
76  pp.  8vo.  (Three  editions  were  issued  in  1871.  A  fourth  edition  was 
printed  with  the  title  "How  to  use  Weather  Maps."  Obi.  4to.  Wash., 
1884,  23  pp.  The  edition  was  ordered  to  be  destroyed  before  the  maps  and 
appendices  were  printed  and  before  being  distributed.) 

Iktrrespondence  and  Reports  in  Reference  to  the  Observation  and  Report  of 
Storms  l^  Telegraph  and  Signal  for  the  Benefit  of  Commerce.  8yo.  Wash., 
1871,  43  pp. ;  1872,  203  pp. ;  1872,  34  pp. 

instructions  to  Observer  Sergeants,  Signal  Service,!!.  S.  Army,  on  Duty  at  Sta- 
tions. 8vo.  Wash.,  1871,  25  pp.;  1872,59  pp.;  1874,  116  pp.;  1875, 189pp. 
4to.  Wash.,  1879, 162 pp.  8vo.  Wash.,  1S81, 241  pp.:  188^,142  pp.  Title 
in  last  edition  changed  to  "General  Instructions  to  Observers  of  th%  Sig- 
nal Service." 

^ar  Department  Weather  Maps.  Jan.  1,  1871- June  30,  1891.  Issued  as 
Tridaily  weather  maps.  Signal  Service  U.  S.  Army,  Jan  1,  1871-Dec.  31, 
1880.  Continued  as :  Daily  weather  maps,  Jan.  1, 1881-Dec.  31, 1886.  Con- 
tinued as:  Tridaily  weather  maps,  Jan.  1, 1887-June  30, 1888.  Continued 
as:  Bidaily  weather  maps,  July  1, 1888-Sept.  30, 1888.  Title  changed  to 
Semidailv  weather  maps,  Oct.  1, 1888.    16  by  22  inches.,  Wash.,  1872-1891. 

Report  of  Meteorological  Observations  made  at  Mount  Washington,  N.H., 
duringMay,  1872.    8vo.    (Wash.,  1872.J    60pp. 

Weekly  Weather  Chronicle.  Nov.  16, 1872,  to  April  4, 1881.  Sm.4to.  Wash., 
1872-1881. 

Daily  Bulletin  of  Weather  Reports,  taken  at  7:35  a.  m.,  4:35  p.  m.,  and  11:35 

^m.,  Washington  mean  time,  with  the  Synopses,  Probabilities,  and  Facts, 
arch,  1872-June,  1877.  (Printed  monthly.)  8vo.  Wash.,  1872-1877.  (Oct.- 
Dec.,  1875,  not  published.)  Same.  Sept.,  1872,  to  Jan.,  1875,  Jan.-Dec, 
1877,  with  tridaily  maps.  Jan.,  1878-Dec.,  1880,  without  maps.  4to. 
Wash.,  1873-1882.  Maps  for  1878  printed  later  as  Tridaily  meteorological 
record.  Obi.  4to.  Wash.,  1884.  (Feb.,  1877,  title  changed  to  Daily 
Bulletin,  etc.,  with  synopses,  indications,  and  facts.  Sept.,  1877,  title 
change^  to  IHdly  Bulletin  of  Simultaneous  Weather  Reports,  etc.,  with 
synopses,  indications,  and  facts.) 

Monthly  Weather  Review,  June,  1872-June,  1891.  4to.  Wash.,  1872-1891. 
(The  reviews  for  Oct.,  1872-Dec.,  1883,  also  published  in  the  annual  re- 
ports.) 

The  Iowa  and  Illinois  Tornado  of  May  22, 1873.  A  report  to  the  Chief  Signal 
Officer  by  Observer-Sergeant  Jas.  MacKintosh.  8vo.  (Wash.,  1873).  89 
pp.    (Reprinted  from  the  annual  report  of  the  Chief  Signal  Officer  for  1873. ) 

Farmers'  Bulletin,  Synopses  and  Probabilities  (daily).  Mar.  24, 1873,  to  Deo. 
31,1880.    4to.    Wash.,  1873-1880. 

Ixtftructions  for  Making  and  Reporting  Telegraphic  River  Observations 
for  the  Signal  Service,  U.  S.  Army.    8vo.    Wash.,  1873,  21  pp. 

The  Meteorological  Record.  Sheets  issued  daily  from  Jan.  1. 1874,  to  Julv 
24, 1875.  This  was  merged  in  the  *'  Bulletin  of  International  Meteorologi- 
cal Observations.'' 
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• 

18.  Bulletin  of  International  Meteorological  Observations  taken  simultaneously 

At  7:35  a.  m.,  Jan.  1,  l^T.VDec.  31, 18H0.  Same,  taken  at  7  a.  m.,  Jan.  1, 
1881,  to  June  30. 1><84.  (Printed  daily.)  4to.  Wash.,  1875-'85.  1882  title 
ehan^red  to  Bulletin  of  International  Meteorology.  July,  1884,  title 
changed  to  Summary  and  Review  of  International' Meteorological  Ob- 
servations, J\ilv.  1884-Dec.,  1887.  (Printed  monthlv  to  Dec,  1887.  From 
Jan.,  1888-Juue,  18S9.  printed  semiannually.)    4to.    \Vash.,  1885-1891. 

19.  Result*  and  Prosiiects  of  the  Cautionary  Signal  System.    8vo.    N.  t.  p.  (about 

1877),  16  pp. 

20.  Official  Danger  or  Distress  Signals  (circular).    8vo.    Wash.,  1878, 12  pp. 

21 .  Extracts  from  Legislation  and  Orders  Relating  to  the  Signal  Service,  U.  S. 

Army,  18()0-1 879.  8vo.  N.  t.  p.  (about  1879).  10pp.  2 ed.,  1860-1881.  8vo. 
Wash.,  1882,  19  pp.;  .T  ed.,  18(50-1886.    1887.  ol  pp.    See  also  No.  109. 

22.  Memoranda  on  the  Work  Accomplished  by  the  Signal  Service  of  the  United 

States.    8vo.    Wash.,  1881,  24  pp. 

23.  History  of  the  Signal  Service,  Army  of  the  United  States,  and  Special  Cata- 

logue of  Exhibit  at  the  International  (Paris)  Exhibition  of  Electricity. 
8vo.  Paris,  1881,43  pp. 

U.  S.  SIGNAL  SERVICE  PROFESSIONAL  PAPERS. 

24.  No.  1.  Abbe  (Cleveland).    Reiwrt  on  the  Solar  Eclipse  of  July,  1^8.    4lo. 

Wash.,  1881, 18G  pp.,  34  pis. 

25.  No.  2.  Greely  (A.  W.).    Isothermal  Lines  (►f  the  United  States.  1871-1880. 

4to.    Wash.,  1881.  1  p. ,  12  pis. 

26.  No.  3.  Greelv  (A.  W.).    Chronological  List  of  Auroras  Observed  from  1870 

to  1879.    4iko.    Wash.,  1881,  7t)  pp. 

27.  No.  4.  Pinley  (J.  P.).    Report  of  the  Tornadoes  of  May  29  and  30,  1879,  in 

Kansas,  Nebraska.  Missouri,  and  Iowa.    4to.    Wash.,  1881, 116  pp.,  29  chs. 

28.  No.  5.  Information  Uelative  to  the  Construction  and  Maintenance  of  Time- 

balls.    4to.    Wash.,  1881,  31  pp.,  3  pis. 

29.  No.  6.  Hazen  (H.  A.).    The  Reduction  of  Air-pi-essure  to  Sea  Level  at  El- 

*evated  Stations  West  of  the  Mississippi  River.    4to.    Wash.,  1882,  42  pp., 
20  ma^)8, 

30.  No.  7.  Pinley  (J.  P.).    Report  on  the  Character  of  Six  Hundred  Tornadoes. 

4to.    Wash.,  1884,  29  pp.,  3  chs. 

31.  No.  8.  Ferrel  (William).    Recent  Mathematical  Papers  Conoemin?  the  Mo- 

tions of  the  Atmosphere.  Part  I.  The  Motions  of  Fluids  and  Solids  on  the 
Karth-8  Surface.  Reprinted  with  notes  by  Frank  Waldo.  4to.  Wash.,  1882, 
51  pp. 

32.  No.  9.  Dunwoodv  (H.  H.  C).    Charts  and  Tables  showing  Geographical  Dis- 

tribution of  Rainfall  in  the  United  States.    4to.    Wash.,  1883, 29  pp.,  3  chs. 

33.  No.  10.  Tables  of  Rain  fall  and  Tern  i>e  rat  u  re  Com  imred  with  Crop  Production. 

4to.    Wash.,  1882,  15  pp. 

34.  No.  11.  Sherman  (O.  T.).    Meteorological  and  Physical  Observations  on  the 

East  Coast  of  Rritish  America.    4t(i     Wash..  1883,  202  pp.,  1  ch. 

35.  No.  12.  Ferrel  (William).    Popular  Esaays  on  the  Movements  of  the  Atmos- 

phere.   4to.    Wash..  1882,  59  pp. 
30.  No.  13.  Ferrel  (William).    Temperature  of  the  Atmosphere  and  Earth's  Sur- 
fac^e.    410.    Wash.,  1884,  (J9  pp. 

37.  No.  14.  Finley  (.T.  P.).    Charts  of  Relative  Storm  Frequency  for  a  Portion  of 

the  Northern  Hemisphere.    4to.    Wash.,  1884,  9  pp.,  13  chs. 

38.  No.  15.  Langley  (S.  I*.).    Researches  on  Solar  Heat  and  its  Absorption  by 

the  Earth's  Atmosphere.  A  Report  of  the  Mount  Whitney  Expadition. 
4to.    Wash.,  18S4,  239  pp.,  22  pis. 

39.  No.  10.  Finley  (J.  l\).    Tornado  Studies  for  1S84.    4to.    Wash.,  1885,  15  pp., 

72  chs.,  72  tables. 

40.  No.  17.  Ferrel  (William).  Recent  Advances  in  Meteoi*ology.    E^bliahed  as 

Part  2,  Appendix  No.  71,  of  the  annual  report  of  the  Chief  Signal  Officer 
for  1S85.    8vo.    Wash..  ISSO.  440  i)p. 

41.  No.  18.  Hazen  (H.  A.).    Tlu-rmometer  Exposure.    4to.    Wash.,  1883,  32  pp. 

U.  S.   SIGNAL  SKttVICK  NOTES. 

42.  No.  1.  Bailey  (W.  C).    Report  on  the  Michigan  Forest  Fires  of  1881.    8vo. 

Xras/j..  1S><2,  ir.pp..  Oehs. 
4:^,  Xo.  2,  Bivkhnnov  (W.  Y.X    Memoir  oiv  \.)\o  Use  of  Homing  Pigeons  for  Mili- 
tary Purposes.    8vo.    Wash.,  1^^2.,  T\  pp. 
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44.  No.  3.  Allen  (James).    To  Foretell  Froat.    8vo.    Wash.,  1882. 11  pp. 

45.  No.  4.  Upton  (Winslow).    The  Use  of  the  Spectroscope  in  Meteorological 

Observations.    8vo.    Wash.,  1883,  7  pp.,  3  chs. 

46.  No.  5.  Work  of  the  Signal  Service  in  the  Arctic  Regions.    8vo.    Wash., 

1883|40  pp..  I  ch. 

47.  No.  6.  Hazen  (H.  A.).    Report  on  Wind  Velocities  at  the  Lake  Crib  and  at 

Chicago.    8vo.    Wash.,  1883,  20  pp.,  1  ch.  . 

48.  No.  7.  Hazen  (H.  A.).    Variation  of  Rainfall  West  of  the  Mississippi  River. 

8vo.    Wash.,  1883.  8  pp. 

49.  No.  8.  Waldo  (Frank).    The  Study  of  Meteorology  in  the  Higher  Schools  of 

Germany,  Switzerland,  and  Austria.    8vo.    Wash.,  1883,  0  pp. 

50.  No.  9.  Dunwoody  (H.  H.  C).   Weather  Proverbs.   8vo.   Wash.,  1883, 148  pp., 

1  map. 

51.  No.  10.  Garllngton  (E.  A.).    Report  on  Lady  Franklin  Bay  Expedition  of 

1883.    8vo.    Wash.,  1883,  52  pp.,  1  map. 

52.  No.  11 .  Ward  (F.  K.).    The  Elements  of  the  Heliograph.    8vo.    Wash.,  1883, 

12  pp. 

53.  No.  12.  Finley  (J.  P.).    The  Special  Characteristics  of  Tornadoes,  with  Prac- 

tical Directions  for  the  Protection  of  Life  and  Property.    8vo.    Wash., 
1884, 19  pp. 

54.  No.  13.  Curtis  (G.  E.).    The  Relation  between  Northers  and  Magnetic  Dis- 

turbances at  Havana,  Cuba.    8vo.    Wash.,  1885, 16  pp. 

55.  No.  14.  Lamar  (W.  H.,jr.),  and  Ellis  (F.  W.).    Physical  Observations  during 

the  Lady  Franklin  Bay  Expedition  of  1883.    8vo.    Wash.,  1884,  62  pp.,  14 
pis..  1  map. 

56.  No.   15.  Hazen  (H.  A.).     Danger  Lines  and  River  Floods  of  1882.    8vo. 

Wash.,  1884,  30  pp. 

57.  No.  16.  Curtis  (G.E.).   The  Eflfect  of  Wind  Currents  on  Rainfall.   8vo.  Waflh., 

1884, 11  pp..  2  pis. 

58.  No.  17.  Morrill  (Park).    A  First  Report  upon  Observations  of  Atmospheric 

Electricity  at  Baltimore,  >Id.    8vo.    Wash.,  1884,  8  pp.,  6  chs. 

59.  No.  18.  McAdie  (Alexander).    The  Aurora  in  its  Relations  to  Meteorology. 

8vo.    Wash.,  1885,  21  pp.,  14  chs. 

60.  No.  19.  Glenn(S.W.).    Report  on  the  Tornado  of  August28, 1884,  near  Huron, 

Dak.    8vo.    Wash.,  1885, 10  pp.,  11  chs. 

61.  No.  20.  Hazen  (H.  A.).    Thunderstorms  of  May,  1884.    8vo.    Wash.,  1885,  8 

pp.,  2  chs. 
No.  21.  How  to  Use  Weather  Maps.    !^Jot  published  as  Signal  Service  Notes. 

62.  No.  22.  Russell  (Thomas).     Corrections  of  Thermometers.     8vo.     Wash., 

1885, 11  pp. 

63.  No.  23.  Woodruff  (T.  M.).    Cold  Waves  and  their  Progress.    A  preliminary 

study.    8vo.    Wash.,  1885,  21  pp. 

64.  Instructions  to  Special  Observers  in  the  Cotton  Bolt.    Signal  Service  Instruc- 

tion No.  37, 1882.    12mo.    Wash.,  1882, 14  pp. 

65.  The  Necessity  of  a  Permanent  Organization  for  the  Signal  Corps.    8vo. 

Wash.,  1882,  30  pp. 

66.  InstniclSons  for  Voluntary  Observers  of  the  Signal  Service,  U.  S.  Army.    8vo. 

Wash.,  1882, 108  pp.    Revised  edition.    Extract  No.  20,  Ann.  Rep.  Chief 
Signal  Officer,  1886,  pp.  273-316. 

67.  Instructions,  1882-'91.    12mo.    Wash.,  1882-'87.    4to.    Wash.,  1888-'91. 

68.  Memoranda  of  Usefullnformation  for  Shipmasters.    8vo.    Wash.,  1883, 33  pp. 

3  chs. 

69.  Danger,  Distress,  and  Storm  Signal  Codes  for  Sigrnal  Service  Searooast  Sta- 

tions and  Mariners.    8vo.    Wash.,  1883,  91  pp. 

70.  Special  Orders,  1882-'87.    12mo.    Wash.,  1883--87.    4to.    Wash.,  1888- -91. 

71.  General  Orders.    12mo.    Wash..  18r)7-»91. 
71a.  Circulars.    12mo.    Wash.,  1872-'01. 

72.  History  of  the  Siffnal  Service,  with  Cataloofiie  of  Publications,  Instruments, 

and  SUtions,    8vo.    Wa^h.,  1884,  39  pp. 

73.  How  to  Use  Weather  Maps.    4  ed.    Obi.  4to.    Wash.,  1884.    See  No.  0. 
Tridailv  Meteorological  Recprd,  Jan.-Dec,  3878.     (See:  Daily  Bulletin  of 

Weather  Reports,  etc.,  1872.) 

74.  Tridaily  Chart  from  Jan.  6, 1886,  3  p.  m.,  to  Jan.  10. 11  p.  m..  illustrating 

the  Storm  of  Jan.  6-10, 1880.    Wa>*h.,  1886.     14  chs. 
76.  Recent  Advances  in  Meteorlogy.    By  Prof.  William  Ferrell.    Annual  Re- 
port of  the  Chief  Signal  Officer  for  1885.    Part  11.    8vo.    Wash.,  1886, 440 
pp. 
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76.  Instructions  to  Cotton-Be^ion  Observers  of  the  Signal  Service,  U.  S.  Army. 

General  Orders  No.  2, 1886.    12mo.    Wash,,  1886,  23  pp. 

77.  Instructions  to  Rainfall  Observers  of  the  Signal  Service,  U.  S.  Army.    Gen- 

eral Orders  No.  32, 1887.    12mo.    Wash.,  1887, 16  pp. 

78.  Weather  Conditions  of  Wheat,  Cotton,  Corn,  and  Tobacco  Districts.    The 

Benefit  of  Agricultural  ^nd  Commercial  Interests.  May  7,  1887-Oct.  4, 
1889.    fol.    Wash.,  1887-'89. 

79.  Weather  Crop  Bulletin,  May  1,  1887 -June  30,  1891.     (Issued  weekly  from 

March  to  September;  monthly  from  October  to  February.)  4to.  and  fol. 
sheejs.  Wewh.,  1887-'91.  (Folio  sheets,  cyclostyle.)  May,  1891,  form  changed 
to  sheets  18  by  22  inches,  with  rainfall  and  temperature  maps. 

80.  Treatise  on  Meteorological  Apparatus  and  Method.     By  Prof.  Cleveland 

Abbe.  Annual  Report  of  the  Chief  Signal  Officer  for  1887 .  Part  U.  8vo. 
Wash.,  1888,  392  pp.,  36  pis. 

81.  Tables  for  Dividing  by  24,28,  and  31.    Prepared  by  Asst.  Prof.  H.  A.  Hazen 

for  the  use  of  the  Regular  Observers  of  the  Service.  8vo.  Wash.,  1888. 
4  pp. 

82.  General  Subject  Indexes  to  the  Monthly  Weather  Reviews  and  Annual  Re- 

ports of  the  Chief  Signal  Officer  of  the  Army  to  1887.  (Issued  annually 
after  this  date.)    8vo.    Wash.,  1888,  52  pp. 

83.  Tridaily  Weather  Charts  of  the  Signal  Service,  illustrating  the  Severe  Storm 

of  March  11-14, 1888.  Extract  from  Monthly  Weather  Review,  March.  1888 
(with  charts  added). 

84.  Charts  showing  the  rainfall  in  the  United  States  for  each  month  from  Jan- 

uary, 1870,  to  December,  1873,  based  largely  on  rejwrts  from  voluntary  ob- 
servers.   4to.    Wash.,  1888,  48  chs. 

85.  Explanation  of  Signal  Service  WeatherCharts.    1  sh.   Wash.,  July  1, 18S8. 

86.  Instructions  for  Using  Piche  Evaporimeter.    I  sh.    Wash.,  1888. 

87.  Instructions  for  Weather  Predictions  and  Verifications.    Sigual  Service  In- 

structions, No.  33, 1888.  12mo.  Wash.,  18S8,  31  pp.  Amer.  Met.  J.,  Ann 
Arbor,  vi,  1889,  p.  19-32. 

88.  General  Instructions  relative  to  the  Cooperation  of  the  U.  S.  Signal  Service 

with  State  Weather  Services.    8vo.  Wash.,  1889, 13  pp. 

89.  Floods  in  the  Middle  Atlantic  States,  Mav  31  to  June  3, 1889.    (Extracts  from 

Monthly  Weather  Review  for  May  and  June,  1889.)  4to.  Wash.,  1889, 5  pp., 
4  chs. 

90.  Tables  for  Obtaining  the  Temperature  of  the  Dew  Point,  Relative  Humidity, 

and  Vapor  Pressure.  Prepared,  for  use  in  the  U.  S.  Signal  Service.  8vo. 
Wash.,  1889,  24  pp. 

91.  Charts  snowing  the  Normal  Monthly  Rainfall  in  the  United  States  (extracted 

from  the  Monthly  Weather  Review),  with  notes  and  tables.  Prepared 
\mder  the  direction  of  Gen.  A.  W.  Greely,  C.  S.  O.,  by  Capt.  H.  H.  C.  Dun- 
woody.    4to.    Wash.,  1889.    12  pp.,  13  chs. 

92.  Bibliography  of  Meteorology'.    A  Classified  Catalogue  of  the  Printed  Litera- 

ture of  Meteorology  from  the  Origin  of  Printing  to  the  Close  of  1881,  with 
a  Supplement  to  tne  Close  of  1887  and  an  Author's  Index.  Pre|^ttred  under 
the  direction  of  Brig.  Gen.  A.  W.  Greely,  C.  S.  O.,  edited  by  Oliver  L. 
Fassig,  bibliographer  and  librarian.  Part  I,  Temperature.  4to.  Wash., 
1889,  V,  381  pp.,  lith. 

93.  The  same.    Part  II,  Moisture.    4to.    Wash.,  1889,  475  pp.,  lith. 

94.  The  same.    Part  lU,  Winds.    With  a  Supplement  to  the  Close  of  1889.    4lo. 

Wash.,  1891,  216  pp.,  milliograph. 

95.  The  same.    Part  IV,  Storms.    With  a  Supplement  to  the  Close  of  1889.    4to. 

Wash.,  1891. 382  pp.,  milliograph. 

96.  Meteorological  Observations  made  on  the  Summit  of  Pike's  Peak,  Colorado, 

Jan.,  1874,  to  June,  1888.  Under  the  Direction  of  the  Chief  Signal  Officer. 
Ann.  Astr.  Obsy..  Harvard  College,  Camb.,  Vol.  xxn,  1889.  4to.  Camb., 
1889,  476  pp. 

97.  Daily  International  Charts.    Oct.  1,  1886,  to  Dec.  31, 1887;  July  1, 1884,  to 

Dec.  31, 1884.    fol.    Wash,,  1889, 1891. 

98.  Stacres  of  the  Ohio  River  and  of  its  Principal  Tributaries,  1858  to  1889,  in- 

clusive .  Part  I .  Prepared  under  the  Direction  of  Brig.  Gen .  A.  W.  Qreely , 
C.  S.  O.,  by  T.  Russell,  Asst.  Prof.  4to.  Wash.,  1890,  xviii, 377  pp.,  milU- 
ograph. 

99.  Preparatory  Studies  for  Deductive  Methods  in  Storm  and  Weather  Predic- 

tions. By  Prof.  Cleveland  Abbe.  Annual  Report  of  the  Cldef  Signal 
Offloer for  1889.    Part  II.    8vo.    Wash.,  1890, 165  pp.,  3  maps. 
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100.  Instruotiona  for  the  Use  of  the  Rain  Gauge.    8vo.    Wash.,  1891, 7  pp. 

i(U.  Stages  of  the  Mississippi  River  and  of  its  Principal  Tributaries,  except  the 
Ohio  River,  1860  to  1889,  inclusive.  Part  II.  Prepared  under  the  bireo- 
tion  of  Brig.  Gen.  A.  W.  Greely,  C.  S.  O.,  by  T.  Russell,  Asst.  Prof.  4to. 
Wash.,  1891,  XX,  503  pp.,  milliograph. 

102.  Stages  of.  Water  at  Miscellaneous  River  Stations  in  California,  Oregon, 

North  Carolina,  etc.,  1875  to  1889,  inclusive.  Part  III.  Prepared  under 
the  direction  of  Brig.  Gen.  A.  W.  Greely,  C.  S.  O.  of  the  U.  S.  Army,  by  T. 
Russell,  Asst.  Prof.    4to.    Wash.,  1891,  ix,  134  pp.,  milliograph. 

103.  Mean  Temperatures  and  their  Cori'ections  in  the  United  States.    Prepared 

under  the  Direction  of  Gen.  A.  W.  Greely,  Chief  Signal  Officer,  by  Alex- 
ander McAdie,  M.  a.    4to.    Wash.,  1891,  x,  45  pp. 

104.  Normal  Temperature  Charts  by  Decades  for  the  United  States  and  the  Domin- 

ion of  Canada.  Prepared  under  the  Direction  of  Brig.  Gen.  A.  W.  Greely, 
Chief  Signal  Officer,    fol.    Wash.,  1891,  72  chs. 

105.  Charts  showing  the  Isobars,  Isotherms,  and  Winds  in  the  United  States  for 

E^h  Month  from  January,  1871,  to  December,  1^73.  Prepared  under  the 
Direction  of  Brig.  Gen.  A.  W.  Greely,  Chief  Signal  Officer.  4to.  Wash., 
1891,  36  chs. 

106.  Charts  showing  the  Average  Monthly  Cloudiness  in  the  United  States.    Pre- 

pared under  me  Direction  of  Brig.  Gen.  A.  W.  Greely,  Chief  Signal  Officer, 
fol.    Wash.,  1891,  12  chs. 

107.  International  Monthly  Charts  of  Mean  Pressures  and  Wind  Directions  at  7 

a.  m.  Washington  Mean  Time  for  1882  and  1883.  Prepared  under  the  Di- 
rection of  Brig.  Gen.  A.  W.  Greely,  Chief  Signal  Officer,  fol.  Wash., 
1891,  24  chs. 

108.  Charts  showing  the  **  Probability  of  Rainy  Davs,"  pi^epared  from  Observa- 

tions for  Eighteen  Years.    Prepared  under  the  Direction  of  Brig.  Gen.  A. 
W.  Greely,  Chief  Signal  Officer,    fol.    Wash.,  1891, 12  chs. 
i08a.  Diurnal  Fluctuations  of  Atmospheric  Pressure  at  Twenty-nine  selected 
Stations  in  the  United  States.    By  Brig.  Gen.  A.  W.  Greely,  O.  S.  O.    4to 
Wash.,  1891,  V,  15  pp. 

109.  Extracts  from  the  United  States  Statutes  at  Large  affecting  the  Signal  Corps 

of  the  Army.  (Acts  of  the  Fiftieth  Congress,  December,  1887,  to  Marcn, 
1889,  and  Fifty-first  Congress,  December,  1889,  to  March,  1891.  8vo. 
Wash..  1891,  28  pp. 

110.  Index  oi  Meteorological  Observations  in  the  United  States.    Compiled  in 

the  Records  Division  under  the  Direction  of  Brig.  Gen.  A.  W.  Greely, 
Chief  Signal  Officer.    4to.    Wash.,  1891,  305  pp.,  milliograph. 

JlBCnC  SERIES  OF  PUBLICATIONS  ISSUED  IN  CONNECTION  WITH  THE  SIGNAL 

SERVICE,  U.  S.  ARMY. 

111.  No.  1.  Report  of  the  International  Polar  Expedition  to  Point  Bari*ow, 

Alaska,  1881-'83.    By  Lieut.  P.  H.  Rav.    4to.    Wash.,  1885, 695  pp.,  23  pin. 

112.  No.  2.  Contributions  to  the  Natural  History  of  Alaska.    Results  of  Investi- 

Sationsmade  Chiefly  in  the  Yukon  District  and  the  Aleutian  Islands,  from 
[ay.  1874,  to  August,  1881.    By  L.  M.  Turner.    4to.    Wash.,  1886, 226  pp., 
26  pis. 

113.  No.  3.  Report  upon  Natural  History  Collections  made  in  Alaska  between 

the  years  1877  and  1881  by  Edward  W.  Nelson.  Edited  bv  Henry  W.  Hen- 
shaw.    4to.    Wash..  1887,  337  pp.,  21  pis. 

114.  No.  4.  Report  of  the  Proceedings  of  the  U.  S.  Exijedition  to  Ladv  Franklin 

Bay,  Grlnnell  Land.  International  Polar  Expedition,  1881-'83.  *  By  Lieut. 
A.  W. Greely.  Vol.  l,  Narrati^re;  vol.  ii.  Observations.  2  v.  4to.  Wash., 
1888,  545  pp.,  37  pis.  and  maps;  738  pp.,  31  pis.  and  charts. 

115.  No.  5.  Report  of  Observations  made  In  Ungava  and  I^brador.    By  L.  M. 

Turner.    (In  manuscript.) 

RXPOBTS  OP  THE  CHIEF   SIGNAL  OFFICER,  PUBLISHED  BY  SPECIAL  AUTHOR- 
ITY OF  CONGRESS. 

116.  The  Rainfall  of  the  Pacific  Slope  and  the  Western  States  and  Territories. 

Report  by  the  Chief  Signal  Officer.  (Fiftieth  Congress,  first  session.  Sen. 
Ex.  Doc.  91.)    4to.    Wash.,  1888,  101  pp.,  15  chs. 

117.  The  Climate  of  Oregon  and  Washington  Territory.    Report  by  the  Chief 

Slnial  Officer.  (Fiftieth  Congress,  first  session,  Sen.  Ex.  Doc.  282.)  4to. 
WMh.,  1889,  37  pp.,  7  ohs. 
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118.  Climato  of  Nebraska,  Particularly  in  Reference  to  the  Temperature  and 

lialnfall  and  their  Influence  uoon  the  Agricultural  Interests  of  the  State. 
Report  by  the  Chief  Signal  Officer.  (Fifty-first  Congress,  first  eession, 
Sen.  Ex.  Doc.  115.)    4to.    Wash.,  1890,  60  pp.,  12  chs. 

119.  Report  on  the  Climatology  of  the  Arid  Regions  of  the  United  Statai,  with 

Reference  to  Irrigation.  By  Brig.  Gen.  A.  W.  Greely^  Chief  Signal  Offi- 
cer. (Fifty-first  Congress,  second  session,  H.  R.  Ex.  Doc.  2^.)  4to.  Wash., 
1891,  3i56  pp.,  43  maps  and  pis. 


PUBLICATIONS  OP  INDIVIDUALS  CONNECTED  WITH  THE  OFFICE 

OP  THE  CHIEF  SIGNAL  OFFICER. 

[Thes^  lists  include  only  suuh  books,  papers,  etc..  as  were  published  during  ihe  time  of  tb* 
author's  connection  with  the  Offlce  of  the  Chief  Signal  Officer.  1 

Brig.  Gen.  Albert  J.  Myer, 
Chief  Signal  Officer,  1861- 6S,  ISGl-'SO. 

Annual  Report  of  the  Chief  Signal  Officer,  1861-'63,  1867-'80.     8vo.    Wash., 

1861-1881.    V 
Manual  of  Bif^nals  for  the  Use  of  Officers  in  the  Field.    8vo.    N.  Y.,  1866, 1868, 

1872.    8vo.    Wash.,  1877, 1879. 
Weather  Case  or  Farmers'  Weather  Indicator,    Harper's  Weekly,  N.  Y*,  Sept., 

21, 1878.    Nature,  Lond.,  Oct.  10,  1878,  pp.  621-625. 

Brig.  Gen.  W.  B.  Hazen, 

Chief  Signal  Officer,  lS81-'86. 

Annual  Report  of  the  Chief  Signal  Officer,  1881-86.    8vo.    Wash.,  1861-1886. 
Destructive  Forces  Attending  Tornadoes.    Sc.  Amer.  SuppL,  N.  Y.,  xiil,  1882, 

5126. 
The  United  States  Signal  Service.    Van  Nostrand's  Engin.  Mag.,  N.  Y  ,  xxvi, 

1882,  11-21. 
Narrative  of  Military  Service.    8vo.    Bost.,  1885,  450  pp. 

Brig.  Gen.  A.  W.  Greely, 
Chief  Signal  Officer. 

■ 

1.  Report  on  the  Danger  Lines  of  the  Mississippi,  Missouri,  and  Ohio  Rivert. 

Rep.  U.  S.  Signal  Service.     Wash.,  1874,  812-322. 

2.  Chronological  List  of  Auroras  Observed  from  August  1, 1873,  to  December  31, 

1875,  which  have  been  Reported  to  the  Chief  Signal  Officer  of  the  Army 
by  the  Post  Surgeons,  U.  S.  Army,  Voluntary  Observers  and  Simal  Serv- 
ice Observers.    Rep.  U.  S.  Signal  Service.     Wash.,  1880,  1096-U16. 

3.  Chronological  List  of  Auroras  Observed  from  1870-1879.  Professional  Papers 

of  the  Signal  Service,  No.  III.    4to.     Wash.,  1881,  76  pp. 

4.  Isothermal  Lines  of  the  United  States  1871-'80.    Professional  Papers  of  the 

Signal  Service,  No.  n.    4to.    Wash.,  1881, 1  p.,  12  chs. 

5.  Remarks  at  the  Artie  Meeting  of  American  Geographical  Society  at  Chick- 

ering  Hall,  November  21,  1884.  Bull.  Amer.  Geogr.  Soc.,  N.  Y.,  1884,  No. 
4,  317-334. 


V,  1885,  30tV-,312. 
8.  Artie  Exploration  with  Reference  to  Grinnell  Land.    Pr.  Roy.  Geogr.  Soo., 

Lond.,  VIII,  1886, 150-172. 
1).  The  Future  of  Artie  Exploration.    Forum,  N.  Y.,  1, 1886,  235-245. 

10.  What  we  Know  About  the  Weather.    Forum,  N.  Y.,  1, 1886, 583-691. 

11.  Throe  Years  of  Artie  Service.    An  Account  of  the  Lady  Franklin  Bsy  £s> 

pedition  of  1881-'84,  and  the  Attainment  of  the  Farthest  North.    2  t     Sto, 
A.  Y.,  1886,  XXY,  428  pp.,  &  maps ;  xii,  444  pp.,  4  maps.    111. 
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12.  Alchohol  in  High  Latitudes.    Forum,  N.  Y.,  iii.  1887,. (51 3- 021. 

13.  Our  Kivigtok.    An  Episode  of  the  Ladv  Franklin  Hav  Expedition.    Century 

Mag..  N.  Y.,  XII,  1S87,  r>5«-r>UU. 

14.  Drei  Jahre  in  holien  Norden.    Die  Lady-Franklin-Hai-Expodition  in  den 

Jahren  1881-84,  von  Adolph  W.  Greely.    Aus  dem  Englischen  von  Rein- 
hold  Teu3cher.    Svo.    Jena,  1887,  xxviii,  539  pp.,  111.  Maps. 

15.  Annual  Reports  of  the  Chief  Signal  Oftlcer  of  tho  Army  for  the  years  188()-'87, 

1800-'91.    8vo.    Wash.,  1887 --Dl. 

16.  American  Weather.  A  Popular  Exposition  of  tho  Phenomena  of  the  Weather, 

Including  Chapters  on  Hot  and  Cold  Waves,  Blizzards,  Hailstorms,  and 
Tornadoes,  etc.    8vo.    N.  Y.  (1888),  xii,  28G  pp.,  24  elis. 

17.  Cold  Waves.'   The  Climatolojiist,  Wash.,  D.C.,  i,  1888,  28. 


Same.    Second  Annual  Report.    Nat.  geopr.  Mag.,  II,  1890,49-03.  Third 
Annual  Report,  Nat.  Geo»jr.  Mag:.,  in,  189J. 

19.  International  Polar  Expedition.    Report  on  the  Proceedings  of  tho  United 

States  Exploring  Exixjdition  to  Lady  Franklin  Bay,  Grmnell  Land.  2v. 
4to.    Wash.,  1888.    (Vol.  I,  Narrative;  vol.  ll.  Observations.) 

20.  Rainfall  of  tho  Pacific  Slope  and  Western  Stat<3s  and  Territories.    (A  report 

by  Brig.  Gen.  A.  W.  Greely,  Chief  Signal  Officer,  U.  S.  A.)  Sen.  Ex. 
Doc.  No.  01,  Fiftieth  Congress,  first  session.    4to.    Wash.,  1888,   100 

Ep.,  15  ohs. 
ere  shall  we  Spend  oui*  Summer?    Scrlbner's  Mag.,  N.  Y.  ill,  1888,  Apr., 
481-488,  2  chs. 

22.  Where  shall  we  Spend  our  Wintt-r?    Scribner's  Mag.,  N.  Y.,  iv,  1888,  Nov., 

602-609. 
22a.  Geographical  Explorations  of  the  past  year.    Chautauqua  Mag.,  1888. 

23.  Average  Velocity  of  Low-Area  Storms  and  Upper- Air  Currents  in  tho  United 

States.    Amer.  Met.  J.,  Ann  Arbor,  v,  1888-'89,  337-341. 

24.  Dans  les  glaces  Arctiques.  Relation  de  ^expedition  Americaine  h  la  Baiede 

Lady  Franklin,  1881-'84.    8vo.    Paris,  1889. 

25.  Introduction  to  *' Meteorological  Observations  made  on  the  Summit  of  Pike's 

'Peak,  Colo.,  January,  1874,  to  June,  1888,  under  the  Direction  of  the 
Chief  Signal  Officer,  U.  S.  Army."  In:  Annals  of  the  Astronomical  Ob- 
servatory of  Harvard  Collegie.  Camb..  xxn,  1889,  pp.  vii-xiv. 
28.  The  Climate  of  Oregon  and  Washington  Torritorv.  (A  Report  by  Brig.  Gen. 
A.  W.  Greely,  Chief  Signal  Officer,  U.  S.  A.)  Sen.  Ex.  Doc.  No.  282,  Fif- 
tieth congress,  first  session.    4to.    Wash.,  1889,  37  pp.,  7  chs, 

27.  The  Climate  of  Nebraska,  Particularly  in  Reference  to  the  Temperature  and 

Rainfall  and  their  Influonce  upon  the  Agricultural  Interests  of  the  State. 
A  report  by  Brig.  CJon.  A.  W.  Greely,  Chief  Signal  Officer,  U.  S.  A.  Sen. 
Ex.  Doc.  No.  lir»,  Fifty-first  Congress,  first  session.  4to.  Wash.,  1890,  60 
pp.,  12  chs. 

28.  Tho  Mississippi  Floods.    North  Amor.  Rov.,  N.  Y.,  CLI,  1890,  618-630. 

29.  Charts  showing  the  Isobars,  Isotherms,  and  Winds  in  the  United  States  for 

each  Month  from  January,  1^71.  to  December,  1873.  Prepared  under  the 
direction  of  Brig.  Gen.  A.  W.  Groelv,  Chief  Signal  Officer;  published  by 
the  U.  S.  Signal  Service.    4to.    Wash.,  1891,  36  chs. 

30.  Charts  showing  the  Average  Monthly  Cloudiness  in  tho  United  States.    Pre- 

pared under  tho  direction  of,  and  with  preface  by  Brig.  Gen.  A.  W.  Greely, 
Chief  Signal  Officer;  published  by  the  U.  S.  Signal  Service,  fol.  Wash., 
1891, 12  chs. 

31.  Charts  showing  the  *•  Probability  of  Rainy  Days,**  prepared  from  Observations 

for  eighteen  years.  Propared  under  t^ic  direction  of,  and  with  preface  bv, 
Brig.  Gen.  A.  W.  Gn.*olv,  Chief  Signal  omcor :  published  bv  the  U.  S.  Sig- 
nal Service,    fol.     Wash.,  1891,  12  chs. 

82.  International  Monthly  Charts  of  Mean  i*r<;.ssuro8  and  Wind  Directions  at  7 
a.  m.,  Washington  mean  time,  for  1-^82  and  1X83.  Prei)ared  under  the  di- 
rection of,  and  with  pw^  face  by.  Brig.  (jrcn.  A.W.  Greely.  Chief  Signal  Officer; 
published  by  the  U.  S.  Signal  Service,    fol.    Wash.,  1891,  24  chs. 

33.  Normal  Temperature  Charts  by  Docados  for  the  United  States  and  the  Do- 
minion of  Canada.  Pr«'parod  undor  the  direction  of.  and  with  pi*eface  by. 
Brig.  Gen.  A.  W.  Greel  v.  Chief  Si^rnal  Omocr ;  published  by  the  U.  S.  Sig- 
nal Service,    fol.    Wash.,  1891,  72  chs. 
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rnal  Fluctuations  of  Atmospheric  Pressure  at  Twenty-nine  selected  Star 
ions  in  the  United  States.    By  Briff .  Gen.  A.  W.  Greely ;  published  by 
he  IT.  S.  Signal  Service.    4to.    Wash.,  1891,  V,  25  pp. 
port  on  the  Climatology  of  the  Arid  Regions  of  the  United  States,  with  Ref- 
erence to  Irrigation.    (Fifty-first  Congress,  second  session,  H.  R.  Ex.  Doc. 
287.)    4 to.    Wash.,  1891,  a56  pp.,  43  maps  and  pis. 

isc\is8ion  of  the  International  Simultaneous  Meteorological  Obeervations, 
1878-1887,  with  reference  to  monthly  mean  barometric  pressures,  prevailing 
winds,  change  of  pressures  from  'month  to  month,  and  monthly  storm- 
frequency  of  the  Northern  Hemisphere,  with  25  charts.  Ann.  Rep.  Chief 
Signal  Officer,  1891.    Appendix  No.  17^. 

Cleveland  Abbe, 

Professor  of  MUeorologyt  Signal  Service, 

On  the  Connection  between  Terrestrial  Temperature  and  Solar  Spots.    Amer. 
J.  Sc.,  N.  Haven,  i,  1870,  345-347. 
•  Suggestions  for  the  Practical  Uses  of  Meteorological  Reports  and  Weather 
Maps.    8vo.  Wash.,  1871;  2  ed.  Wash.,  1871;  3rd ed.  Wash.,  1871;  reprinted 
in  Ann.  Rep.  Chief  Signal  Officer,  Wash.,  1871,  Append.  No.  6.  p.  83-98. 

3.  Historical  Notes  on  the  Systems  of  WeAther  Telegraphy,  and  Especially  their 

Development  in  the  United  States.  Amer.  J.  Sc.,  N.  Haven,  ll,  1871,  81-88. 

4.  Remarks  on  a  Table  of  Balloon  Voyages.    (Analysis  of  Fifty  Balloon  Voy- 

ages by  S.  A.  King,  Aeronaut.)    Bull.  Phil.  Soc.,  Wash.,  I.  1871,  38^39. 

5.  Tables  for  the  Computation  of  Relative  Altitudes.    Amer.  .7.  So.,  N*.  Haven, 

m,  1872,  31-34. 
G.  Observations  on  the  Total  Eclipse  of  the  Sun  of  (August  7)  1869.   Amer.  J.  Sc., 
N.  Haven,  ui,  1872,  264-267.  Nature,  Lond.,  v,  1872,  367-368. 

7.  Articles  on  Terrestial  Physics  and  Meteorology  in  Ann.  Reo.  of  Science  and 

Industry,  edited  by  Spencer  F.  Baird,  1871-1878.  8vo.  N.  Y.,  1872-1879. 

8.  Articles  in  Appleton's  American  Cyclopedia.  N.Y.,  1873-1876, on  Dew,  Earth- 

quake, Echo,  Electricity,  Fog,  Frost,  Hail.  Hurricane,  Meteorology,  Rain, 
Rain  gnage.  Snow,  Storms,  Trade-winds,  Waterspout,  Whirlwind.  Wind. 

9.  Chronological  List  of  Auroras,  Nov.,  1871-Julv,  1873.  Ann.  Rep.  Chief  Signal 

Officer,  Wash.,  1873,  Append.  No.  32,  pp.  1098-1107.  Reprintedas  addendum 
to  Greely*s  Chronological  List  in:  Prof.  Papers  U.  S.  Signal  Service  No. 
3.     4to.    Wash.,  1881,  5  pp. 

10.  Charts  (with  Text  and  Tables)  showing  some  Features  of  the  Climate  of  the 

United  States,  i.  Temperature  of  Coldest  and  Warmest  Week.  m.  Storm 
Frequency.  In:  Walker's  Statistical  Atlas  of  U.  S.,  Wash.,  1874. 

11.  The  Nova  Scotia  Cyclone  of  August,  1873.  Ann.  Rep.  Chief  Signal  Offioer, 

Wash.,  1873  (1874),  1025-1034.  6  chs. 

12.  On  the  Laws  Governing  the  Movement  of  Storm  Centres.    Bull.  Phil.  Soc., 

Wash.,  1, 1874,  100-101. 

13.  On  the  Aurora  of  April  7, 1874.  Ann.  Rep.  Chief  Signal  Officer,  Wash.,  1874, 

383-385,  1  ch. 

14.  Earthquake  Circular.    Ann.  Rep.  Chief  Signal  Officer,  Wash.,  1875,  374-377. 

15.  Articles  in  Johnson's  Encyclopedia,  N.  Y.,  1875-1876,  on  Hail,  EUJo,  Meteor- 

ology, Nebular,  Nebvdar  Hypothesis,  Rain-gaage,  Weather,  Weather  Pre- 
dictions, Whirlwind. 

16.  The  Aurora  of  April  7, 1874.    Ann.  Rep.  Chief  Signal  Officer,  Wash.,  1876, 

301-310. 

17.  An  Account  of  the  Progi*ess  in  Meteorology  and  Allied  Subjec*ts.  1877;  1879 

-1881:  1882;  1883:  18^.  In:  Smithson.  Rep.  Wash.,  1877, 1881-1884.  8vo. 
Wash.,  1878,  1883-1885. 

18.  Influence  of  Temperature  on  the  Hatching  of  Locusts' Eggs.   In:  First  Ann. 

Rep.  U.  S.  Entomol.  Com.  for  1877,  relating  to  the  Etockv  Mountain  Lo- 
cust, pp.  423-432.   8vo.    Wash-,  1878. 

19.  The  Connection  between  Meteorological  Phenomena  and  Locust  Migrations. 

In:  First  Ann.  Rep.  U.  S.  Entomol.  Com.  for  1877,  relating  to  the  Rocky 
Mountain  Locust,  pp.  203-211.    8vo.  Wash.,  1878. 

20.  Signal  Service  Observations  of  T^nsit  of  Mercury,  May  8, 1878.  U.  S.  Month. 

Weather  Rev.,  Wash.,  May,  1878, 13.    Ann.  Rep.  Chief  Signal  Officer, 
Wash.,  1879,  780-782. 
SI.  Present  state  of  Meteorology.    In:  Appleton's  Annual  Sncyolopedia,  N.  Y.i 
1876  (1S79),  m,  637-646. 
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28.  Reports  of  the  Committee  on  Standard  Time,  Cleveland  Abbe,  chairman.  Pr. 
Amer.  Metrol.  Soc.,  N.  Y.,  n,  1879, 17-29, 174-179,  2:^-233, 308-311;  m,  1882. 
27-30;  IV,  1883,  22-24;  v,  1884-85,  52-82. 

23.  Conditions  on  which  the  Chief  Sig^nal  Officer  cooperates  with  others  in  the 

maintenance  of  a  Public  Standard  Time  Ball,  Pr.  Amer.  Metrol.  Soc.,  N. 
Y.,  U,  1879, 181-183;  republished  in  Vol.  rv,  1883,  53. 

24.  Report  of  the  Solar  Eclipse  of  July  28, 1878.    Ann.  Rep.  Chief  Signal  Officer, 

wash.,  1880  (1881),  80^982,  28  pi.    Prof.  Papers  U.  S.  Signal  Service, 
No.  1,  4to.,  Wash.,  1881, 186  pp.,  28  pis. 

25.  Report  of  Board  on  Signal  Service  Thermometers.    Ann.  Rep.  Chief  Signal 

Officer,  Wash.,  1881,  Append.  No.  58,  pp.  1121-1125. 

26.  Report  of  Board  on  Signal  Service  Barometric  Standard  (with  appended  ta- 

bles), Ann.  Rep.  Chief  Signal  Officer,Wash.,  1881,  Append.  No.  59,  pp.  1126- 
1137. 

27.  Report  of  Board  on  Monthly  Constants  for  Reduction  of  Barometers  to  Sea 

Lievel.    Ann.  Rep.  Chief  Signal  Officer,  Wash.,  1881,  Append.  No.  62,  pp. 
1185-1189. 

28.  Table  for  Conversion  for  use  in  Bulletin  of  International  Simultaneous  Me- 

teorologi(»Ll  Observations,  Ann.  Rep.  Chief  Signal  Officer,  Wash.,  1881, 
1218-1246. 

29.  Instruments  and  Methods.    Abstract  of  Lectures  to  Classes  at  Fort  Myer,  de- 

livered Dec,  1881-Peb.,  1882.    Ann.  Rep.  Chief  Signal  Officer,  Wash., 
1882  (1883),  pt.  I.,  97-103. 

30.  Memorandum  on  Destructive  Tornado  Winds;  Ann.  Rep.  Chief  Signal  Officer, 

Wash.,  1882  (1883), jpt.  l.,  889-892. 

31.  On  Determining  the  Temperature  of  the  Air.    Bull.  Phil.  Soc.,  Wash.,  vi, 

1884, 24-26. 

32.  Testimony  before  the  Joint  Committee  of  Congress  on  Scientific  Bureaus, 

Dec.  1^,  Jan.  1885;  Sen.  Mis.  Doc.  No.  82, 49th  Congr.,  1st  sess.,  pp.  91, 
247,  269.    8vo.    Wash.,  1886. 

33.  Reformation  of  Scientific  Legislation.    Science,  N.  Y.,  v,  1885,  suppl.  to  No. 

115,  325-332. 

34.  A  Neglected  Correction  in  the  uso  of  Refraction  Tables.    Fr.  Amer.  Assoc. 

(Buffalo),  1886,  xxxv,  83. 

35.  (A  Correction  for  Gravity  in  the  use  of  Refraction  Tables.)    Astron.  Nach., 

Dec.,  1886,  vol.  116,  No.  2761, 15-16. 

36.  The  Effect  of  Wind  and  Exposure  on  Barometric  Readings.    Pr.  Amer. 

Assoc.  (Buffalo),  XXXV,  1886,  120.  U.  S.  Month.  Weather  Rev.,  Wash., 
Nov.  1886,  332-377.    Nature,  Lend.,  XXXV,  1886,  29-30. 

37.  R^uction  du  Barom^tre.    Rap.  Com.  M6t.  Intern.,  Paris,  S6pt.,  1885  (1887), 

proc^s-verbal,  append,  x,  44-46.    Amer.  Met.  J.,  Ann  Arbor,  iv,  1887-1888, 
227-231. 

38.  Popular  Errors  in  Meteorology.    J.  Prankl.  Inst.,  Phila.,  xcin,  1887, 115-128, 

Amer.  Met.  J.,  Ann.  Arbor,  ui,  1887, 576-582;  rv  1888, 46-47, 94-96, 119-124. 

39.  William  Babcock  Hazen.    (Biographical  notice.)    Science,  N.  Y.,  uT,  1887, 

331-334.  Pop.  Sc.  Month.,  N.Y.,  XXXI,  1887, 112-117.  Nature,  Lend., XXXV, 
1886-1887,  541-543. 

40.  Treatise  on  Meteorological  Apparatus  and  Methods.    Ann.  Rep.  Chief  Signal 

Officer,  Wash.,  1887,  pt.  u.  Append.  No.  46,  388  pp.,  36  pis. 

41.  The  General  Bibliograpny  of  Meteorology  and  Terrestiial  Magnetism.  Ann. 

Rep.  Brit.  Assoc.,  Lend.,  1887  (1888),  593-594. 

42.  Articfes  on  Meteorology  and  the  Weather  Bureau.    In:  The  Now  People's 

Cyclopedia  (1889?). 

43.  Is  our  CUmate  Changing?    The  Forum,  N.  Y.,  Feb.,  1889,  vi,  678-688. 

44.  The  Determination  of  the  Amount  of  Rainfall .    Amer.  Met,  J. ,  Ann  Arboi%  vi, 

1889-'90,  241-248.    Congress  M6t.  Int.  de  Paris.  Sept.,  1889(1891),  ii,  m6m- 
oires,  227-232.    Symons's  Met.  Mag.,  Lend.,  xxiv,  1889, 130-135. 
i5.  Probable  Weather  for  the  Region  of  the  Total  Eclipse.  U.  S.  Scientific  Ex- 
pedition to  West  Africa,  Bull.  No.  4,  Nov.  1, 1889,  2-3. 

46.  Waterspouts.    U.  S.  Scientific  Expedition  to  West  Africa,  Bull.  No.  6,  Nov. 

7, 1^,  1-*. 

47.  Shiggestions  for  Amateur  Observers  (of  the  £3clipse).  U.  S.  Scientific  Expedi- 

tion to  West  Africa,  Bull.  No.  10,  Dec.  10,  1889, 1-2. 

48.  The  Red  Sunset  Skies  of  1884-'85.    (Written  as  Essay  for  the  Warner  Prize, 

Sept.  ?,  1885.)    Amer.  Met.  J.,  Ann  Arbor,  v,  1889,  524-544. 

49.  Work  to  be  Undertaken  by  the  Meteorologist  of  the  Expedition.    U.  S.  Scien- 

tifio  Expedition  to  West  Africa,  BuU.  No.  2,  Oct.  18, 1889, 1-4. 
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/servations  of  Twilig:ht  and  Zodiacal  Light  during  the  Total  Eoliptd  of  in 

Sun,  December  21, 1889.    Nature,  Lond.,  XL,  1889,  619-621. 

rticle  on  the  "  Signal  Service."    Araer.  Suppl.  to  9th  Ed,  Encycl.  Brit.,  ^ 

Y.,  1889,  V,  311-313. 
tecent  Progresa  in  Dynamic  Meteorology  (1885-1888  incl.)-   Smithfon.  Rep 

Wash.,  1888  (1890),  355-424. 
Preparatory  Studies  for  Deductive  Methods  in  Storm  and  Weather  Predic 

tion.    Ann.  Rep.  Chief  Signal  Officer,  Wash.,  1889  (1890),  pt.  U,  165  pp., 

maps. 
The  Modern  Weather  Bureau.    (Address  before  Phil.  Soc.  of  South  Alriof 

Cape  Town,  Jan.  1890.)  Pr.  South  African  Phil.  Soc.,  Vol.  X. 
.  LocalitieB  of  Soientific  Interest  in  St.  Helena.    U.  S.  Scientifio  Expedition  t 

West  Africa,  Bull.  No.  13,  March  19, 1890, 1-4. 
i.  The  Rollers  of  Ascension  and  St.  Helena.    Nature,  Lond.,  XLI,  1B90,  585. 
/.  Cloud  Observations  at  Sea.    (On  Meteorological  Work  and  results  Accon 

plished  on  >XJ.  S. -Scientific  Expedition  to  West  Africa.)    Amer.  Met.  J. 

Ann  Arbor,  vill,  Oct.,  1891,  2.50-264. 

58.  Apieafor Terrestrial  Physics.    (Address  as  Vice-President  A.  A.  A.  S.,  Aug. 

1890.)    Pr.  Amer.  Assoo.  (Indianapolis),  xxxix,  1890  (1891),  66-79. 

59.  A  new  University  Course.    Atlantic  Month.,  Best.,  1891, 16-25. 

C.  Abbe,  T.  C.  Mendenhall,  and  James  Allen. 

60.  Work  of  U.  S.  Signal  Service  in  Relation  to  Atmospheric  Eloctrioity .    Repor 

of  Committee  on  Atmospheric  Electricity.    Rep.  to  U.  S.  Electrical  Uoc 
ference,  Phila.,  Sept.,  1884,  pp.  33,  54,  63,  181. 

C.  Abbe  and  G.  E.  Curtis. 

61.  Reduction  of  the  Barometer  to  LAtitude  45.    U.  S.  Month.  Weather  Rev 

Wash.,  Feb.,  1885,  31. 

C.  Abbe  and  C.  J.  Sawyer. 

62.  The  Signal  Service  Bibliography  of  Meteorology.    Bull.  PhU.  Soc.,  Was) 

X,  1887,  20-28. 

Capt.  James  Allen, 
Assistant  to  Chief  Signal  Officer, 

To  Foretell  Frost.    U. S.  Signal  Service  Notes,  No.  ni.    8vo.,  Wash.,  1882, 1 
Relf|jbion  of  Dew-point  to  Rain  Forecasts.    Ann.  Rep.  Chief  Signal  Of 

Wash.,  1890,  Append.    No.  24,  3  pp.,  3  chs. 

See  also:  Abbe,  No.  60. 

Lieut.  W.  E.  Birkhimer, 
Assistant  to  Chief  Signal  Officer, 

'  The  L»aw  of  Appointment  and  Promotion  in  the  Regular  Armyof  the 

States.    A  Paper  read  before  the  U.  S.  Military  Institute,  west  F 

Y.    12mo.    N.  Y.,  1880,  90  pp. 
Memoir  on  the  Use  of  Homing  Pigeons  for  Military  Purposes.    U.  S 

Service  Notes,  No.  n.    8  vo.    Wash.,  1882,  27  pp. 
Historical  Sketch  of  the  Organization,  Administration,  Mat<Sricl  and  1 

the  Artillery,  U.  S.  Army.    12mo.    Wash.,  1884,  406  pp. 

Capt.  Robert  Ckaio, 
Assistant  to  Chirf  Sirj}}al  Officer. 

Report  upon  the  Cyclone  of  September  8  to  24, 1875.    Ann.  Rep.  C 
Officer,  Wash.,  1876,  336-340, 1  pi. 
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G.  E.  CURTIS, 

Sigiidl  Corps. 

Effect  of  Wind  Curronts  on  Rainfall,    U.  S.  Signal  Service  Notes,  No.  ZVI.  8vo. 

Wash.,  1884, 11  pp.    Science,  Camb.,  iv,  1884,  409-410. 
On  the  Relation  between  Northers  and  Magnetic  Disturbances  at  Haraoa,    U. 

S.  Signal  Service  Notes,  No.  xiii.    8vo.    Wash.,  1885, 16  pp.    Amer.  Met. 

J.,  Detroit,  l,  1884-'85,  28-29. 
Reduction  of  Barometer  Headings  to  Latitudes  45-^.    U.  S.   Month.  Weather 

Rev.,  Wash.,  Feb.,  1885,  31.    (With  Prof.  C.  Abbe.) 
Lieut.  Lockwood^a  Expedition  to  Farthest  North.    Bull.  Phil.  Soc.,  Wash.,  ix, 

1886,8-12. 
Tornado  Predictions  and  their  Verifications.    Amer.  Mot.  J.,  Ann  Arbor,  iv, 

1887-'88,  68-74. 
The  Theory  of  the  Wind  Vane.    Amer.  J.  So.,  N.  Haven,  xxxiv,  1887,  44-52. 

Amer.  Met.  J.,  Ann  Arbor,  iv,  1887-'88,  215-224. 
Lieut.  Lock  wood's  Ajdtronomical  Observations  on  the  North  Coast  of  Greenland. 

In:  Report  of  the  Proceedings  of  the  United  States  Kxpedition  to  Lady 

Franklin  Bay.   Grinnell  Land.    Vol.  il.     Append,  No.  135,  61-64.    4to. 

Wash.,  1888. 

Maj.  H.  H.  C.  DXJNWOODY, 
jissistaiit  to  Chief  Siunal  Officer. 

Decrease  of  Temperature  with  Elevation  and  Reduction  of  Barometer  Readings 
to  Sea  Level.    Ann.  Rep.  Chief  Signal  Ofiiccr,  Wash.,  1876,  349-360. 

Signal  Service  Tables  of  Rainfall  and  Temperature  Compared  with  Cron  Pro- 
duction.   Prof.  Papers  U.  S.  Signal  Service,  No.  x., 4to.,  Wash.,  1882, 15 p. 

Weather  Proverbs.  U.  S.  Signal  Service  Notes,  No.  DC.  8  vo.  Wash.,  1883, 
148  pp.)  1  map. 

Charts  ana  Tables  snowing  Geographical  Distribution  of  Rainfall  in  the  United 
States.  Prof.  Papers  U.  S.  Signal  Service,  No.  IX.  4to.  Wash.,  1883, 
51  pp.,  13  chs. 

Absolute  Humidity  and  Mean  Cloudiness  in  the  United  States  Represented  by 
Tables  and  Charts.  Ann.  Rep.  Chief  Signal  Officer,  Wash.,  1884, 128- 
137,  8  ch. 

Charts  showing  the  Rainfall  in  the  United  States  for  Each  Month,  from  January, 
1870,  to  December,  1873,  based  largely  on  Reports  from  Voluntary  Ob- 
servers.   4to.    Wash.,  1888,  48  ch. 

Charts  showing  the  Normal  Monthly  Rainfall  in  the  United  States  (extracted 
from  the  Monthly  Weather  Review),  with  Notes  and  Tables.  Prepared 
under  the  Direction  of  Gen.  A.  W.  Greely,  C.  S.  O.  4to.  Wash.,  1889,12 
pp.,  13  chs. 

F.  W.  Ellis  and  W.  H.  Lamar,  jr., 

Signal  Corps. 

Physical  Observations  during  the  Lady  Franklin  Bay  Expedition  of  1883. 
U.  S.  Signal  Service  Notes,  No.  xiv.  8vo.  Wash.,  1884,  62  pp.,  14  pis.,  1 
map. 

F.  W.  Ellis, 

Lieulcmnit,  Signal  Corps. 

Report  on  Rivers  and  Flood  Warnings.  Ann.  Rep.  Chief  Signal  Officer,  Wash., 
1887,  pt.  1, 121-127. 

Oliver  L.  Fassig, 

Bibliographer  and  Librarian,  Signal  Service. 

Bibliography  of  Meteorology  for  1884.  Smithson.  Rep.,  Wash.,  1884,  396-413. 
The  same  for  1889.    76.,  1889,  271-285. 

Bibliography  of  Meteorology.  Prepared  under  the  Direction  of  Brig.  Gen.  A. 
W.  Greely,  C.  S.  O.  Edited  by  Oliver  L.  Fassig,  Bibliographer  and  Li- 
brarian. Parti,  Temperature.  Part ii.  Moisture.  Part  in,  Winds^  Par^ 
IV,  Storms.    4v.4to.    Wash.,  1889-'91.    (Lithograph  and  m\\\\oi5t«^\sL.\ 
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William  Ferrel, 

Professor  of  Meteorology^  Signal  Service. 

The  Relative  Temperature  of  the  Two  Hemispheres  of  the  Earth.  Amer.  J.  80i 
N.  Haven,  xxrv,  1882,  8^92. 

Wind  Pressure.    Van  Nostrand's  Engin.  Mag.,  N.  Y.,  xxvn,  1882, 140-143. 

Popular  ESssays  on  the  Movements  of  the  Atmosphere.  (1)  An  Essay  on  the 
Winds  and  Currents  of  the  Ocean.  (2)  The  Motions  of  Fluids  and  Solids 
Relative  to  the  Earth ^s  Surface.  (3)  Cause  of  Low  Barometer  in  the  Polar 
Regions  and  in  the  Central  Part  of  Cyclones.  (4)  Relation  betireen  the 
Barometric  Gradient  and  Velocity  of  the  Wind.  (5)  Cyclones,  Tomadoet, 
and  Waterspouts.  Prof.  Papers,  U.  S.  Signal  Service,  No.  xn.  4to. 
Wash.,  1882,  59  pp. 

Recent  Mathematical  Papers  Concerning  the  Motions  of  the  AtmoBphere.  Pt 
I,  The  Motions  of  Fluids  and  SolidB  on  the  Earth's  Surface.  Reprinted 
with  Notes  by  Frank  Waldo.  Prof.  Papers  U.  S.  Signal  Service,  No.  vni. 
4to.    Wash.,  1882, 51  pp. 

On  the  Conditions  Determining  Temi)erature.  Bull.  Phil.  Soc.,  Wash.,  v,  1883, 
91-97. 

Temperature  of  the  Atmosphere  and  the  Earth's  Surface.  Prof.  Papers  U.  S. 
Signal  Service,  No.  xra.    4to.    Wash.,  1884, 69  pp. 

Solar  Thermometer.    Amer.  Met.  J.,  Ann  Arbor,  n,  1885,  30^-306. 

Prioritat  des  Buys-Ballot'schen  Gesetzes.    Zeitschr.  Met.,  Wien,  XX,  1885, 187. 

Arago-Davy  Actmometer.    Amer.  Met.  J.,  Ann  Arbor,  n,  1885, 350-^^54,  395-400. 

Recent  Advances  in  Meteorology.    Ann.  Rep.  Chief  Signal  Officer,  Wash.,  1885, 

Tit    TT    440  T)T) 

Temperature  of  the  Moon.    Science,  N.  Y.,  vi,  1885,  541-542;  vn,  1886,  32, 12^ 

123. 
Report  on  Psychrometric  Tables  for  Use  in  the  Signal  Service.    Ann.  Rep.  Chief 

Signal  Officer,  Wash.,  1886,  233-259. 
Results  of  Solar  Radiation  Observations  in  the  Neighborhood  of  Birmingham 

(Eng.).  1875-'84,  by  Rupert  T.  Smith.    Quart.  J.  Met.  Soc.,  Lond.,  xn,  1886, 

180-193.    Amer.  Met.  J.,  Ann  Arbor,  m,  1886-'87,  223-226. 
Sea  Level  and  Ocean  Currents.    Science,  N.  Y.,  \ti,  1886,  75-77, 187-189;  vni, 

1886,  99-101. 

Publications  of  I^eut.  John  P.  Finley,  during  his  connection  with  the  Signal 

Service,  from  1880  to  Julv  1,  1891. 

1.  Tornadoes  of  May  29  and  30, 1879,  in  Kansas,  Nebraska,  Missouri,  and  Iowa. 

Prof,  Papers  U.  S.  Sig.  Serv.,  No.  rv.    4to.    Wash.,  1881,  116  pp.,  29  pis. 
Ann.  Rep.  Chief  Signal  Officer,  Wash.,  1880,  984-1096,  47  chs. 

2.  The  Character  of  Six  Hundred  Tornadoes.   Prof.  Pai)er8,  U.  S.  Sig.  Serv.,  No. 

VII.    4to.   Wash.,  1881, 30  PI).,  4  chs.   2ded.    Revised  and  oorrected.    4to. 
Wash.,  1884,  29  pp.,  3  pis. 

3.  Tornado  Studies  for  18S2,  with  Inquiries  Concerning  Observations.     8vo. 

Kansas  City,  1882, 15  pp. 

4.  Practical  Directions  for  the  Protection  of  Life  and  Property  Against  the 

Force  of  Tornadoes.    Kansas  City,  1882,  30  pp. 

5.  Tornado  circulars ;  45  circulars.    8vo.    Wash.,  1882-1889. 

6.  The  Special  Characteristics  of  Tornadoes.    Sig.  Serv.  Notes,  No.  xn.    4to. 

Wash.,  1883, 19  pp. 

7.  Tornado  Development  and  Atmospheric  Electricity.    Ypsilanti,  Mich.,  1883. 

8.  Preliminary  Study  Tornado  Charts.    U.  S.  Signal  Service.    Wash.,  18SI,  52 

chs. 

9.  Tornado  Predictions.    Amer.  Met.  J.,  Ann  Arbor,  i,  1884,  85-88. 

10.  Charts  of  relative  storm  frequency  for  a  portion  of  the  northern  hemisphere. 

Prof,  papers,  U.  S.  Signal  Service,  No.  xiv.    4to.    Wash.,  1884, 10  pp.,  13 
chs. 

11 .  The  Progress  of  Tornado  Investigation.    Science,  Cambridge  (Mass.)  m, 

1884,  767-768. 

12.  Instructions  to  Tornado  Reporters.    U.  S.  Signal  Service.    8vo.    Wash.,  1885| 

19  pp. 

13.  Tornado  Studies  for  1884.    Prof.  Papers,  U.  S.  Signal  Service,  No.  XVL    Ato. 

Wash.,  1885, 15  pp,  75  chs. 
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14.  Cyclones  and  Telegraphic  Warnings  from  the  West  Indies.    N.  Y.  Marit. 

Reg.,  Nov.  1886. 

15.  Tornado  Study,  its  Past,  Present,  and  I'\iture.    8vo.    Phila.,  1886,  27  pp. 

16.  Tornado  circulai'  No.  1,  or  methods  of  tornado  observations.    U.  S.  Signal 

Service.    8vo.    Wash.,  1886,  22  pp. 

17.  An  Improved  Method  in  the  Art  of  Military  Signaling.    12mo.    Wash.,  1887, 

32  pp. 

18.  Cyclones  of  the  Gulf  of  Mexico.    N.  Y.  Marit.  Reg..  Mar  2,  1887. 

19.  Meteorology  in  its  Relation  to  Commercial  Pursuits.    8vo.    Chicago,  1887, 

39  pp. 

20.  The  Art  of  Signaling  and  its  Relation  to  the  Necessities  of  Peace  and  War. 

12mo.    Wash.,  1887,  37pp. 

21.  Tornadoes;  what  they  are  and  how  to  observe  them,  with  practical  siigges- 

tions  for  the  protection  of  life  and  proi>crty .    12mo.    N.  Y.,  1887.    196  p.  chs. 

22.  Chart  of  geographical  distribution  of  tornadoes  over  ithe  United  States  for 

206  years.    Wash.,  1888. 

23.  Chart  of  arc»as  of  maximum  tornado  frequency  over  the  Unit.^d  States  for  206 

years.    Wash.,  1888. 

24.  Illinois  Tornadoes  for  54  years.    16rao.    Wash.,  1888.    ^p.c-hs. 

25.  Iowa  Tornadoes  for  51  years.    16  mo.    Wash.,  1888.    5  p.  chs. 

26.  K-uisas  Tornadoes  for  29  years.    lOmo.    Wash.,  1888.    ;>  p.  chs. 

27.  Relation  of  Tornado  Regions  to  Areas  of  Low  Pressure.    Amcr.  Met.  J . .  Ann 

Arbor,  v,  1888,  83-87. 

28.  Recent  Improvements  in  the  Art  of  Signaling  for  Military  and  Commercial 

Purposes.    12mo.    Wash.,  1888.    200  pp.  y 

29.  The  Weather.    Wash.,  1888. 

30.  Tornadoes;  what  they  are  *nd  how  to  escape  them.     16mo.    Wash.,  18SS. 

90  p.  chs. 

31.  A  chronological  list  of  West  India  hurricanes  for  nearly  four  hundred  yeare, 

1493-1888.    Wash.,  1889. 

32.  A  manual  of  Instruction  in  Optical  Telegraphy  for  the  use  of  the  National 

Guard  of  the  United  States.    16mo.    Wash.,  1889.    180  pp. 

33.  Hurricane  Chart  of  the  Gulf  of  Mexico  for  nearly  sixty  years,  1831-1888. 

Wash.,  1889. 

34.  Hurricanes  of  the  North  Atlantic  for  over  one  hundred  years,  1780-1888. 

Wash.,  1889. 

35.  Cyclonic  charts  of  the  North  and  South  Pacific.    Harpt-r's  Weekly,  N.  Y., 

April  13, 1889. 

36.  Some  Facts  About  Tornadoes.    The  Home  Mag.,  Wash.,  July,  1889. 

37.  Some  Facts  About  the  Atmosphere.     The  Home  Mag.,  Wash.,  June,  1889. 

38.  Some  Facts  About  Local  Storms.    The  Home  Mag.,  Wash..  Nov..  1889. 

39.  Some  Facts  About  General  Storms.    The  Home  Mag.,  Wash.,  Oct..  1889. 

40.  Some  Bracts  About  Cyclones.    The  Home  Mag.,  Wash.,  August.  1889. 

41.  Some  Facts  About  the  Weather.    The  Home  Mag.,  Wash.,  Sept.,  1889. 

42.  Stat^  Tornado  Charts  and  Studies.    Amer.  Met.  J.,  Ann  Arbor,  1889-1 81K). 

90  pp.,  28  chs. 
•    43.  The  Sailors-  Handbook  of  Storm  Track,  Fog,  and  Ico  Charts}  for  the  North 
Atlantic  and  Gulf  of  Mexico.    4to.    Best.,  1889,  30  pp.  52  chs. 
44.   Something  about  Tornadoes.    Science,  N.  Y.,  xiii,  1889,  83-85, 105-108. 

45  A  Cartographical  Study  of  Six  of  the  Most  Violent  Tornadoes  in  the  United 

States.    San  Franc,  Sept.,  1890. 

46  Cyclonic  Development  and  Precipitation  on  the  Pacific  Coast.    Biolog.  J. 

Acad.  Sc.,  San  Franc,  Dec,  1890. 

47.  Mountain  Meteorological  Stations  and  an  Inspection  of  Pikes  Peak  in  Win- 

ter.   Albany,  N.  Y.,  Mar.,  1S90. 

48.  Pacific  Coast  Weather.    The  Kxaminer,  San  Franc,  Oct.,  1890. 

49.  Protection  Against  Tornadons.    Th»»  Forum,  N.  Y.,  x.  1SJK)-1><J)1,  94-l():». 

50.  The  Birth  of  a  Blizzard.     Youths'  (Jonipaniim,  Bost.,  Feb.  20,  1«1H). 

51.  The  Birth  of  a  Cvclone.    Assrxj.  Lit.  l^ress,  N.  Y,,  1890. 

52.  The  Cold  Wave  types  of  the  United  Stag's.    San.  Franc.  Oct..  ISOl).    eh. 

53.  The  Development  of  Tornadoes.     First  I'riz..'  Kssav.     Am  'r.  Met.  .1.,  Ann 

Arbor,  VII,  1890,  1^5-179. 

54.  The  Wondersof  the  Optical  Telcgra])li.     Assw.  Lit.  Press.  X.  Y.,  Nov.,  1890. 

55.  The  Weather  Map.    Assoc  Lit.  J'rcss.  X.  Y.,  18W). 

56.  The  Hot  Windsor  California.    Amcr.  Met.  J.,  Ann  Arbor,  viii,  ISOl,  221-22G, 
67.  Pacific  Coast  Rainfall  and  Cyclonic  Disturbances.    Occid.  Med.  Timcis,  Sac- 
ramento, Mar.,  1891. 
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Lieut.  E.  A.  Garlington, 

Assistant  to  Chief  Signal  Officer. 

lioiK)i't  on  Lady  Franklin  Bay  Expedition  of  1883.  U.  S.  Signal  Seryioe  Notes, 
No.  X.    8vo.    Wash.,  1883,  52  pp.,  1  map. 

E.  B.  Garriott, 

Signnl  Coiys, 

Movements  of  High  Barometer  Areas  over  the  North  Atlantic  Ocean,    U.  S. 

Month.  Weather  Rev.,  Oct.,  1887,  Wash.,  273-277. 
Pi-odictions  of  Fog  near  Newfoundland.    U.  S.  Month.  Weather  Rev.,  Wabh., 

1887,  91,  122,  150.    Amor.  Met.  rj.,  Ann  Arbor,  iv,  1887-1888,  103-105, 

342-344. 
North  Atlantic  Storms  during  188.3.    U.  S.  Month.  Weather  Rev.,  Wash.,  1887, 

207. 
Ocean  Fog  Predictions.    U.  S.  Month.  Weather  Rev.,  Wash.,  1887,  176-177,  336- 

;]37. 
Tornado  Power.    Science,  N.  Y.,  x,  1887,  48. 

Tornado  Power.    Amer.  Met.  J.,  Ann  Arbor,  vil,  1890-'91,  321-32;^. 
Origin  of  Storms.    Amer.  Met.  J.,  Ann  Arbor,  vu,  1890-'91,  247-250. 
Sun  Sj)0t  and  Other  Predictions.    Amor.  Met.  J.,  Ann  Arbor,  vn,  1890-'91,  5t)C- 
,      568. 

W.  A.  GLAS6F0RD, 

Lieutenant,  Signal  Corps, 

Notes  on  the  Wallingford,  Conn.,  Tornado,  August  9,  1878.  Ann.  Rep.  Chief 
Signal  Officer,  1878,  654-657,  2  maps. 

History,  Development,  and  Organization  ofthe  Signal  Service,  etc.,  with  Argu- 
ment against  its  Military  Administration.  Dec.  11, 1885.  (In :  Sen.  Mis. 
Doc.  No.  82,  pp.  460-497.  Forty-ninth  Congress,  first  session.)  8vo.  Wash., 
1886. 

Weather  Tvi>es  on  the  Pacific  Coast.  Bull.  Calif.  Acad.  Sc,  San  Francisco,  ii, 
1886-*87,  77-'88,  4  pis.  Amer.  Met.  J.,  Ann  Arl>or,  ill,  1886-'87,  280-290. 
Ann.  Met.  Rev.  of  Calif.,  Sacramento,  1886-'87, 157-163,  4  pis. 

Signaling  in  Arizona,  with  Project  of  Communication  by  Sun  Flashes  between 
Slilitary  Posts.  Report  Published  at  Headquarters,  Department  of  Ari- 
zona.   4to.  Los  Angeles,  Cal.,  1887. 

The  Rainfall  of  the  Pacific  Slope  and  the  Western  States  and  Territories.  Pix)- 
])ared  by  Lieut.  W.  A.  Glassford  under  the  direction  of  Gen.  A.  W.  Greoly, 
C.  S.  O.  (Fiftieth  Congress,  firat  session.,  Sen.  Ex.  Doc.  No.  91.)  4to. 
Wash.,  1888, 101  p.,  15  ch. 

How  our  Desiccating  North  Winds  may  be  Ameliorated  by  Planting  Trees, 
thereby  Assisting  Nature  in  its  Manner  of  Modifying  Climates.  Ann. 
Met.  Rev.  of  Calif.,  Sacramento,  1887,  205-208. 

A  New  Wind  Vane.  (Frictionless.)  Amer.  Met.  J.,  Ann  Arbor,  V,  1881-'89, 
97-99. 

Rainfall  in  Arizona  and  its  Effect  on  Irrigation  and  Water  Storage,  with  De- 
scription of  Some  Favorable  Points  for  Storage  Reservoirs.  (In:  Son. 
Rep.  No.  928,  ])t.  3,  p.  486-494,  5  ch.  Fifty-first  Congress,  first  session.) 
8vo.  Wash.,  18i)0. 

Climate  of  Arizona,  Rainfall  and  Theory  of  Climate  Deduced  from  Observed 
Types  of  Weather,  Origin  of  the  Two  l^iny  Seasons.  Prejwred  by  Lieut. 
W.  A.  Glastjford,  under  direction  of  iW.n.  A.  W.  Greely,  C.  S.  O.  (In: 
U.  R.Kx.  Dwr.  287,  Api)end.No.  65,  IHp.,  Sfh.,  Fifty-fli'st Congress,  second 
session.)    4t().    Wash.,  1891. 

Climat<'.  of  New  M'^xioo,  its  Theory,  Rainfall,  and  Cause  of  the  Temporales  or 
Shepherd's  l^ains.  Prepared  by  Lieut.  W.  A.  Glassfoi*d under  the  direction 
of  Gen.  A.  W.  Greely,  t;.  S.  O.  (In:  H.  R.  Kx.  Doc.  287,  Append.  No.  66, 
28  p.,  8  ch.,  Fifty-first  Congress,  second  session.)    4to.    Wash.,  1891. 

Climat<}  of  California  and  Nevada  with  a  Discussion  of  the  Value  of  the  Rsdnlall 
and  a  Theory  of  Climate,  Deduced  from  Observed  Types.  An  Investi- 
gation of  the  Dry  and  Wet  Seasons.  Prepared  by  Lieut.  W.  A.  Glaw- 
ford  under  the  Direction  of  Gen.  A.  W.  Greely,  C.S.O.  (In:  ELREz. 
Dov.  2H1f  Append.  No.  67,  24  p.,  7  ch.,  Fifty-first  Congress,  second  session.) 
4to.    Wash.,  1891. 
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HiBtorical  sketch  of  the  Signal  Corps,  U.  S.  Army.    .1.  Mil.  Serv.  Inst.,  N.  Y., 

1891,  16  np. 
Sketch  of  the  Progress  of  Meteorology  in  the  United  States.    Ann.  Rep.  Chief 

Signal  Officer,  1891.    Api)cnd.  'So.  8. 

Frank  Greene, 

Licutejiantf  Siynal  Corpa, 

Report  on  the  Interior  Wheat  Lands  of  Oregon  and  Washington  Territory. 
Prepared  under  the  Direction  of  the  Chief  Signal  Officer,  U.  S.  A.,  by 
Second  Lieut.  Frank  GiH3bne.  (Fiftieth  Congress,  lirst  session.  Sen.  Ex. 
Doc.,  No.  229.)    8vo.    Wash.,  1888,  25  p.,  1  map. 

Prof.  Henry  Allen  Hazen, 
AasiatdiU  Profcssf^r,  iSigmU  iServke. 

1.  On  the  Projection  of  Lines  of  Equal  Pressure  in  the  United  States  West  of  the 

Mississippi  River.    Amer.  .T.  Sc,  N.  Haven,  xxi,  1881,  361-372. 

2.  On  the  Reduction  of  Air  Pi^essuro  to  Sea  Level,  and  the  Determination  of  Ele- 

vation by  the  Barometer.    Amer.  J.  Sc,  N.  Haven,  xxi,  1881,  453-461. 

3.  On  the  Retardation  of  Storm  Centers  at  Elevated  Stations  and  High  Wind 

as  a  Probable  Cause.    Bull.  Phil.  Soc,  Wash.,  v,  1881-'82,  108-112. 

4.  The  Reduction  of  Air  Pressure  to  Sea  I^evel  at  Elevated  Stations  West  of  the 

Mississippi  River.  Prof.  Papers  U.  S.  Slg.  Serv.  No.  vi.  4to.  Wash., 
1882,  42  p.,  20  ch. 

5.  Data  and  Notes  Relating  to  the  Danger  Lino  in  Rivers.    Ann.  Rep.  Chief  Sig- 

nal Officer,  1882,  Append.  No.  57,  735-700.  Republished  as  Signal  Service 
Note  No.  XV.    8vo.    Wash..  1884,  30  p. 

6.  Lectures  on  Meteorology.    Ann.  Rep.  Chief  Signal  Officer,  1882,  Append.  No. 

5.  122-142. 

7.  On  the  Coming  Winter  of  1882-'83.    Bull.  Phil.  Soc,  Wash.,  v,  1881-'82, 

122-125. 

8.  On  the  Retardation  of  the  Maxima  and  Minima  of  Air  Pressure  at  High 

Stations.  Amor.  J.  Sc\,  N.  Haven,  xxiv,  1882, 105-113.  Same  with  Tables 
of  Hourly  Observations  on  Mt.  Washington  :  Ann.  Rep.  Chief  Signal  Offi- 
cer, 1882,  Api)end.  No,  73,  897-926. 

9.  lieport  on  Wind  Velocities  at  the  Lake  Crib  and  at  Chicago.    Sig.  Serv.  Notes 

No.  VI.    8vo.    Wash.,  1883.    20  j). 

10.  The  Secular  Variation  of  Rainfall  in  the  Region  West  of  the  Mississippi 

River.    Sig.  Serv.  Notes,  No.  vii.    8vo.    Wash.,  1883.    8  p. 

11.  Sun  Si)ot  Observations,  1877-'83.    Science,  N.  Y.,  ii.  188.3,  72-75. 

12.  Rainfall  at  Panama.    Science,  Caml>.,  i,  1883,  452-453. 

13.  The  Dry  and  Wet  Bulb  Hygrometer.    Science,  N.  Y.,  i,  1883,  502-506. 

14.  The  Sun  Glows.    Amer.  Met.  J.,  N.  Haven,  xxvii,  1884,  202-212. 

15.  The  Motion  of  Waves  of  Cold  in  the  United  States.    Science,  N.  Y.,  Ill,  1884, 

149-152. 

16.  Thermometer  E.xposure.    Amer.  J.  Sc,  N.  Haven,  xxvil,  1884,  365-378. 

17.  Thunderstorms  and  their  Relations  to  "  Low.''    Proc  Amer.  Assoc.  Adv.  Sc, 

Phila.,  xxxiii,  1884, 111-112. 

18.  Tornadoes.    Amer.  J.  Sc,  N.  Haven,  xxvill,  1884, 181-189. 

19.  Tornado  Generation.    Amer.  Met.  J.,  Detroit,  i,  1884-85,  172-176. 

20.  Barometric Gradientand  Wind  Velocity.    Amer.  Met.  J.,  Detroit,  i,  1884-85, 

27-28. 

21.  Sunspot  Records.    1877-'84.    Amer.  Met.  .J..  Detroit,  1, 1884-'85,  208-210. 

22.  The  Dry  and  Wet  Bulb  Thermometers  ''  Fronde."    Amer.  Met.  J.,  Detroit,  I, 

1884-'85,  63-(U.    Nature,  Lend.,  xxx,  1884.  (i. 

23.  Determination  of  Air  Temperature.     Amor.  Met.  J.,  Ann  Arbor,  ii,  1885- '86, 

257-262. 

24.  Determination  of  Air  TemiK;rature  and  Humiditv.    Amer.  Met.  J.,  Detroit, 

1, 1884-'85,  342-347,  395-402. 

25.  Notes  on  the  Probable  Connection  between  the  Occurrence  of  Thunderstorms 

at  Special  Staflres  of  the  Tide.  U.  S.  Month.  Weather  Rev..  Wash.,  Oct., 
1885,  264. 

26.  The  Condensing  Hygrometer  and  the  Phychrometcr.    Amer.  J.  Sc.,N.  Ha- 

ven, XXX,  1885,  432-446. 
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27.  Thermometer  P^xposure.    Prof.  Papers.  U.  S.  Siff.  Serv.,  No.  XVm,  4tO. 

Wash.,  1885,  ;J2  pp.  ^ 

28.  Thunderstorms  of   May,  1884.    Sig.  Serv.  Notes,  No.  XX.     8vo.     Wash., 

1885,  8  pp. 

29.  Uebor  die  Bestimmung  der  Temperatur  und  Feuchtigkeit  der  Luf t.    ZeitBchr. 

Met.,  Wicn,  xx,  1885,  90-94. 

30.  Thimderstorms  and  Air-pressure.    Amer.  Met.  J.,  Ann  Arbor,  n,  1885-'86, 

60-69. 

31.  On  the  Determinatioh  of  the  True  Air  Temperature.    (Translation  of  Prof. 

Wild's  paper  in  the  '*  Zeitsohrift  flir  Meteorologie '' for  May,  1885,  with 
critical  notes  by  Prof.  H.  A.  Hazen).  Amor.  Met.  J.,  Ann  Arbor,  n,  1885- 
'86,  401-415. 

32.  Dipping  of  the  Freezing  Point  Plane  before  Thunderstorms.    U.  S.  Month. 

Weather  Rev.,  Wash.,  Dec,  1886.  361. 

33.  Instructions  to  Voluntary  Observers  of  the  Signal  Service.    Revised  edition 

prepared  by  Prof.  H.  A.  Hazen.  Ann.  Rep.  Chief  Signal  Officer.  8vo. 
Wash.,  1886,  273-316. 

34.  On  Vertical  Currents  in  Cyclones.    Amer.  Met.  J.,  Ann  Arbor,  in,  1886, 184- 

186.    (Api>end.  to  article  by  Dechevi*ens). 
li").  Report  on  Thunderstorms.    Ann.  Rep.  Chief  Signal  Officer,  1886,  Append. 
No.  25,  2<iO-272,  2  chs. 

36.  Thermometer  Exposure.    Amer.  Met.  J.,  Ann  Arbor,  ni,  1886-'87,  82-91. 

37.  Thermometer-AufstcUung.    Zcitschr.  Met.,  Wien,  in,  1886,  352-355. 

35.  Wind  and  Barometer.    Sc.  Amer.  Suppl.,  N.  Y..  xxn,  1886,  9012-9013. 

39.  A  Sensitive  Wind-vane.    Science,  N.  Y.,  IX,  1887.  295-296. 

40.  Air  Pressure  in  a  Tornado.     Amer.  Met.  J.,  Ann  Arbor,  IV,  1887-'88, 313-315. 

41.  Sky-jjlows  andKrakatoa.    Amer.  Met.  J.,  Ann  Arbor,  IV,  1887-'88,  345-.348. 

42.  Gravitv  Correction  for  Barometers.    Amer.  Met.  J.,  Ann  Arbor,  IV.  1887-'88, 

106-109. 

43.  Barometer  Exposure.    Science,  N.  Y.,  vni,  1886,  165-168,  255-256;  ix,  1887, 

417-418. 

44.  Determination  of  "  Prevailing  Wind  Direction."    Amer.  J.  Sc.,  N.  Haven, 

XXXIV,  1887, 461-465. 

45.  Droughts  in  Kansas  and  Texas  and  Secular  Variation  in  Rainfall.    U.  S. 

Month.  Weather  Rev.,  Wash.,  April,  1887,  119. 

46.  Outflow  of  Air  under  Falling  Rain.    Amer.  Met.  J.,  Ann  Arbor,  iv,  1887, 

206-211. 

47.  Pressure  and  Temperature  in  Ixuv  and  High.    Amer.  Met.  J.,  Ann  Arbor, 

IV,  1887,  262-268,527-530. 

48.  Reduction  of  Air  Pressure  to  Sea  I-ievel.    Amer.  Met.  J.,  Ann  Arbor,  iv, 

1887--88,  82-94. 

49.  Scientific  Ballooning.    Science,  N.  Y.,  x.  1887,  45-46. 

50.  Sun  Spots.    U.  S.  Month.  Weather  Rev.,  Wash.,  Jan.,  1887,  29. 

51.  Tables  for  Determining  the  Dew-iH>int  and  Relative  Humidity.    8vo.  Wash., 

1887. 

52.  Theoretical  Meteorology.    Science,  N.  Y.,  x,  1887,  21-22. 

53.  The  Relation  between  Wind  Velocitv  and  Pressure.    Amer.  J.  Sc,  N.  Haven, 

XXXIV,  1887,  241-248. 

54.  Tornadoes.    Amer.  Met.  J.,  Ann  Arbor,  iv.  lS87-'88,  167-173. 

55.  Two  Balloon  Voyages.    Science,  N.  Y.,  ix.  1887,  591-592. 

56.  Verification  of  Tornado  Predictions.    Amer.  J.  Sc,  N.  Haven,  XXXIV,  1887, 

127-131. 

57.  Weather  Predictions.    Science,  N.  Y..  x.  18S7,  322-323. 

58.  Wind  and  Barometer.    Amer.  Met.  J.,  Ann  Arbor,  ni,  1887,  561-566. 

59.  Wind  Pressure  and  Velocity.    Scien(--,  N.  Y.,  x,  1887,  118. 

60.  Tornadoes  and  Cyclones.    Xmer.  Met.  ,T.,  Ann  Arbor,  IV,  1887-'88,  584-585. 

61.  A  New  Thermometer  Exposure.    Amor.  Met.  J.,  Ann  Arbor,  IV,  1888,  401- 

406. 

62.  Dew.    Amer.  Met.  J.,  Ann  Arlwr,  v.  1888.  230  240. 

63.  Handbook  of  Metooi-ological  Tables.    8vo.  Wash.,  1888, 127  pp. 

64.  Mount  Washington  {is  a  Meteorological  Station.    Amer.  Met.  J.,  Ann  Arbor, 

V,  1888-'K9,  214-217. 

65.  Movement  of  Upper  Air  Currents.    .J.  Frankl.  Inst.,  Phila.,  XGVI,  1888,  45- 

66.  Pressure  and  Tempyratur*^  in  Low  and  Hi^-h  Areas.    Amer.  Met.  J.,  Ann 

Arbor,  IV,  1887-*HM,  527-:);i(). 
tf 7.  Scieiiee  in  Ballooning.    Conrrress.  Wji^h.,  i.  1888,  7-9. 
68.  Tables  for  Dividing  by  24,  2^,  and  ;U.    ^vo.  Wash.,  1888,  4  pp. 
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69.  The  Chinook  Winds.    U.  S.  Month.  Weather  Ilev.,  Wtu^h..  1888,  19-20. 

Amer.  Met.  J.,  Ann  Arbor,  v,  1888-*^),  lH(>-i88. 
TO.  The  Krakatoa  Smoke-stream  and  the  Sky-gflows.    Congress,  Waah.,  i,  1888, 

2  pp. 

71.  Tornadoes.    Congress,  Wash.,  i,  1888,  57-58. 

72.  Weather  at  Long  Range.    Congress,  Wash.,  i,  1888,  95-97. 

73.  Pressure  and  Temperature  in  Cyclones  and  Anticyclones.    Quart.  J.  Met. 

Soc.,  Lond.,  XIV,  1888,  74-78. 

74.  Position  of  a  Tornado  in  a  General  Storm.    Amer.  Met.  J.,  Ann  Arbor,  V, 

1888-'89,  43-44,  176-178. 

75.  Anemometer  Comparisons.   Amor.  Met.  J.,  Ann  Arbor,  v,  1888-*89, 492-500; 

VI,  1889-'90,  8-12.       . 

76.  Bi'ocken  Spectre.    Science,  N.  Y.,  xiv,  1889.  224. 

77.  Cloud  and  Fog.    Science,  N.  Y.,  xiii,  1889,  487-488. 

78.  Cloud  Formation.    Amer.  Met.  .T.,  Ann  Arbor,  vi.  1889,  193-199. 

79.  Convectional  Cun-ents  in  Storms.    Science,  N.  Y.,  xiv,  1889,  428-429. 
SO.  Dew-point  and  Predictions  of  Weather.    Science,  N.  Y.,  xiir,  18.89.  70. 

«1.  Equinoctial  Storms.    U.  S.  Month.  Weather  Rev.,  Wash.,  Nov.  1889, 313-314, 

1  ch.,  1  map. 
S2.  Fog.    Science,  N.  Y.,  xill,  1889,  429-430. 

83.  Lightning  Strokes.    Science,  X.  Y.,  xiv,  1889,  257. 

84.  Rain  and  Storms.    Sclent.  Amer.  Suppl^  N.Y.,  June  15,  1889. 

85.  Rainfall  and  Latent  Heat.    Science,  N.  Y.,  xm,  1889.  3(>9. 

8G.  Storms  and  a  Central  Ascending  Current.    Amer.  Met.  J.,  Ann  Arbor,  VI, 

1889  97-104. 
H7.  The  Robinson  Anemometei*.    Science,  N.  Y..  xni.  1889,  268,  307. 

88.  Tornadoes;  Facts  t^s.  Fiction.    Science,  N.  Y..  xm.  1889,  130. 

89.  Wind  Velocity  and  Wind  Pressure.    Science,  N.  Y..  Xlll,  1889,  226-227. 

90.  Ancmometry.    Science,  N.  Y.,  xv.  1890,  250-251. 

91.  Cause  of  Atmospheric  Depressions.    Svmons's  Met.  Mag.,  Lond., X3CV,  1890, 

100-101. 

92.  Convectional  Currents  in  Storms.    Sclent.  Amer.  Suppl.,  N.  Y.,  Jan.  18. 1890. 

93.  Diminution  of  Temperature  with  Height.    Amer.  Met.  J.,  Ann  Arbor,  Vl, 

1890,  463-466. 

94.  Espy '8  Experiments.    Science,  N.  Y.,  xvi,  1890,  218. 

95.  Espy's  Experiments  on  Storm  Generation.    Amer.  Met.  J.,  Ann  Arbor,  VII, 

1890,  243-247. 

96.  Fluctuations  of  Air  Pressure.    Science,  N.  Y.,  xvi,  1890,  24<>-247. 

97.  Highs  and  Lows  in  the  Atmosphere.    Scient.  Amer..  N.  Y.,  Nov.  15,  1890. 

98.  Movement  of  the  Higher  Atmosphere.    Science,  N.  Y.,  xvi,  1890,  94-95. 

99.  Observations  and  Studies  on  Mount  Washington.     Amer.Met.  J.,  Ann  Ar- 

bor, VII,  1890,  393-398,  461-472. 

100.  Physical  Fields.    Science,  N.  Y.,  xv,  1890,  97-98. 

101.  Protection  from  Frost,    (.'ircular  No.  2  ^linneapolis  Exper.  Sta.,  St.  An- 

thony Park.  1890, 127-130. 

102.  Reversal  of  Temjyerature  in  Lows  and  Highs.    Science,  N.  Y.,  XVI,  1890, 

236-237. 

103.  Sling-psychrometer  and  frosts.  Amer.  Met.  ,T.,  Ann  Arbor,  vi,  1890, 415-417. 

104.  Temperature  in  Storms  and  High  Areas.    Science,  xvi,  1890,  79,  136-139. 

105.  The  Psychrometer.    Science,  xv,  1890,  264-265. 

l^KJ.  Spectre  of  the  Brocken.     Amer.  Met.  J.,  Ann  Arbor,  VI,  1890,  515-519. 
107.  The  Tornado.    (Fact  and  Theory  Papers  No.  5.)  12mo.    N.  Y.,  1890,  143  pp. 

(Reprinted  from  Science,  N.  Y.l^xv,  18JK).) 
IWi.  Tornadoes.  (A  Prize  Essay.)  Amei-.  Met.  J.,  Ann  Arbor,  vii,  1890,  2a5-229. 

109.  Tornadoes  in  the  United  States.    Engineering  News,  N.  Y.,  xxni,  1890,354- 

110.  A  Double  Motion  of  Clouds.    Science,  N.  Y.,  XVII.  1 8!)  1,  220-221. 

111.  American  and  European  Meteorology.  Science,  N.  Y.,xvii,  1891.  277-278. 

112.  Cold  and  Warm  Waves.    Science,  N.  Y..  xvii.1891,  121-122. 

113.  Dr.  Hannand  the  Condensation  TTieorv  of  Storms.    Science,  N.  Y.,  x\^I, 

1891,47-48. 

114.  Eddies  in  the  Atmosphere.    Sci.'ne.-.  X.  Y.,xvii,  1891,  346-347. 

115.  Electric  Storms  and  Tornadoes  in  Fj-ancj  on  Aug.  18  and  li^  1890.    Soienoe, 

N.  Y.,  XVII,  1891 ,  304-305. 

116.  Moisture  in  Storms.    Science,  N.  Y..  xvii.  1891,  5. 

117.  Rain  Formation.    Science,  N.  Y..  xvu.  ISJH,  80-81. 

118.  The  Motion  of  Storms  and  High  Areas.    Science,  N.  Y.,  xvu,  1891, 150-151 . 
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Capt.  H.  W.  HOWGATE, 
Assistant  to  Chief  Signal  Ojjicer.  • 

Report  of  the  OporaUons  and  Duties  of  the  Signal  Department  of  the  Armv,  from 
its  Organization  to  the  End  of  the  Civil  War.  (Compiled  by  Cc^  How- 
'  gate.)    8vo.    Wash.,  (1869  ?),  258  pp.,  n.  t.p. 

Proposed  Legislation,  Correspondence,  and  Action  of  Scientific  and  Commercial 
Associations  in  Reference  to  Polar  Colonization.  8vo.    Wash.,  (1877  ?),  48p. 

Polar  Colonization,  Memorial  to  Congress  and  Action  of  Scientific  and  CommeF- 
cial  Associations.    8vo.    Wash.,  (1878  ?),  143  pp.,  chs.*,  2  pis. 

Congress  and  the  North  Pole,  an  Abstract  of  Arctic  Legislation  in  the  Congress 
of  the  United  States.  Kansas  City  Rev.  n,  18T9.  8vo.  (Kansas  City), 
1879,43  pp. 

The  Cruise  of  the  -F?o?'Cwoe,  or  Extracts  from  the  Journal  of  the  Preliminary  Arc- 
tic Expedition  of  1877-1878.  Edited  by  Capt.  H.  W.  Howgate.  ISmo.  Wash., 
1879,  183  pp. 

W.  H.  Lamar,  jr.,  and  F.  W.  Ellis, 
Sigtud  Corjis, 

Physical  Observations  during  the  Lady  Franklin  Bay  Expedition  of  1883.  U.  S. 
Signal  Service  Notes,  No.  xiv.    8vo.    Wash.,  1884,  62  pp.,  14  pis.,  1  map. 

I.  A.  Lapham. 

As^^Uitant  Professor,  Sig}yd  Service, 

The  Great  Fires  of  1871  in  the  Northwest.  J.  Frankl.  Inst.,  Phila.,  Lxni,  1872, 
413-417;  LXIV,  1872,  46-49. 

List  of  Great  Storms^Hurricanes,  and  Tornadoes  of  the  United  States  (1635-1870). 
J.  Fi-ankl.  Inst.,  Phila.,  LXiv,  1872, 210-216.  Ann.  Rep.  Chief  Signal  Offi- 
cer, Wash.,  1872, 190-195. 

Alexander  McAdie, 
Signal  Service, 

Simultaneous  Observations  of  Atmospheric  Electricity.    Amer.  Met.  J.,  Detroit, 

I,  1884-'85,  4a5-467. 
IjerastrOm's  Auroral  Experiments.    Amer.  Met.  .T.,  Detroit,  1, 1884-'85,  506-507. 
The  Aurora  in  its  Relations  to  Meteorology.    Prepai'ed  under  the  direction  of 

Brig,  and  Bvt.  Maj.  Gen.  W.  B.  Hazeu,  C  S.  C,  by  Alexander  McAdie. 

IJ.  S.  Signal  Service  Notes.  No.  xviil.    8vo.    Wash..  1885,  21  pp.,  5 maps, 

12eh8.  . 

Protection  A^i^nst  Lightning.    Amer.  Met.  J.,  Ann  Arbor,  ir,  1885-86,60-66. 
Atmospheric  Electricity  at  High  Altitudes.    Amer.  Met.  J.,  Ann  Arbor,  ii,  1885- 

•86,  415-421.    Pi'.  Amor.  Acad.  Sc,  Bost.,  Xlir.  18^S5-'86,  129-134. 
Observations  of  Atmospheric  Eloctricitv.    Amer.  Met.  J.,  Ann  Arbor,  iii,  1886- 

'87,  523-5:^1,  551-561:  rv%  1887-'88,  21-31. 
William  Ferrel.    Amer.  Mot.  J.,  Ann  Arbor,  iv,  1887-'88,  441-449. 
Electrical  Phenomena  at  the  Washington  Monument.    Science,  N.  Y.,  ix,  1887, 

537-538. 
Increase  of  the  Electrical  Potential  of  the  Atmosphere  with  Elevation.    Science, 

N.  Y.,  IX,  1887,  2a5-236. 
How  Much  do  we  Really  Know  About  the  Weather  ?    Amer.  Met.  J.,  Ann  Arbor, 

V,  1888-'89,  229-232. 
Lightning  and  the  Electricity  of  the  Air.    Amer.  Met.  J.,  Ann  Arbor,  VI,  1889- 

•90, 1-4. 
Tornadoes.    (Second  Prize  Essay.)    Amer.  Met.  .T.,  Ann  Arbor,  \TI,  1890-'91, 

179-192. 
A  new  Lightning  Protector.    Amer.  Met.  J.,  Aim  Arbor,  vn,  1890-'91,  598-600. 
Franklin's  Kite  Experiment.     Amer.  Met.  .T..  Ann  Arlwr,  VIII,  1891-'92,  97-108. 
Mean  Temperatures  and  their  Corrections  in  the  United  States,    Prepared  under 

the  direction  of  Gen.  A.  W.  Greely,  C.  S.  O.    4to.    Wash.,  1891,  x,  45  pp. 
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Alexander  McAdie  and  Austin  L.  McRae. 

Atmospheric  Electricity.    Pr.  Amer.  Acad.  Sc,  Bost.,  xii,  188i-'85,  448-461. 

C.  F.  Marvin, 

Assistant  Professor ,  Signal  Service. 

Self-recording  Rain-gauge.    Science,  N.  Y.,  xi,  1888, 97-98. 

The  Robinson  Anemometer  Factor.    Science,  N.  Y.,  xm,  1889,  248, 

The  Robinson  Anemometer.     Science,  N.  Y.,  xui,  1889, 289. 

<rhe  Measurement  of  Wind  Velocity.    U.  S.  Month.  Weather  Rev.,  Wash.,  Feb. 

1889,  52-54.    Amer,  Met.  iF.,  Ann  Arbor,  V,  1888-'89.  552-564. 
Anemometer  Studies.    Amer.  Met.  J.,  Ann  Arbor,  VI,  1889- W,  115-120. 
Thermometer  Errors.    Amer.  Mot.  J.,  Ann  Arbor,  vi,  1889-'90,  432-434. 
The  Cooling  of  Dry  and  Moist  Air  by  Expansion.    Amer.  Met.  J.,  Ann  Arbor, 

\ai,  1890-'91,  404-410. 
Wind  Pressures  and  the  Measurement  of  Wind  Velocities.    Amer.  Met.  J.,  Ann 

Arbor,  vn,  1890-'91,  487-497.    ^Engineering  News,  N.  Y.,  XXIV,  1889-'90, 

520-521. 
Experimental  Studies  on  Wind  Pressures  and  Wind  Velocities.     Ann.  Rep. 

Chief  Signal  Officer,  Wash.,  1890,  Appendix  26,  691-698. 
Experimental  Studies  on  Vapor  Pressure  Measurements.     Ann.  Rep.  Chief 

Signal  Officer,  Wash.,  1890.  in  Appendix  18,  655-662;  1891,  Appendix  10, 

345-377. 
On  Construction  of  a  Normal  Barometer.    Ann.  Rep.  Chief  Signal  Officer,  Wash., 

1891,  Appendix  10,  377-380,  3  pis. 

Thompson  B.  Maury, 
Assistant  Prnfessnr,  ASignal  Service. 

Telegraph  and  the  Storm.    The  United  States  Signal  Service.    Harper's  N. 

Month.  Mag..  N.  Y.,  Aug.,  1871,  398-418. 
Meteorology  in  America.     Harper's  N.  Month.  Mag.,  N.  Y.,  1871.    Nature, 

Lond.,  IV,  1871,  .390-393:  410-415.  430-434. 
Weather  Prognostics  by  the  People.    The  Galaxy,  N.  Y..  xii,  1871,  768-787. 
The  Expected  Discovery  of  the  Pole.     Appleton's  J.,  N.  Y.,  vii,  Jan.  6, 1872, 

10-19. 
The  Origin  of  the  Great  Cyolonos.     Quart.  ,1.  Sc,  Lond.,  ii.  1872.  417^32. 
Storms  on  the  Pacific  Coast  of  America.      Ann.  Rep.  Chief   Signal  Officer, 

Wash.,  1872,  2G2-2r)4. 
Our  New  Port  Storm  Signals.     Li])])lncott's  Mag.,  Phila.,  ix,  1872,  .30-54,  ill. 
The  Law  of  Storms  Developed.    Pop.  Sc.  Month.,  N.  Y.  1873.  38.")-4(H).    Nature, 

Lond.,  vm,  1873,  124-126,  147. 14S,  1H4-10G. 
Weather  Telegrams  and  Storm   Foi-eoasts  bv  the  American  Signal  Service. 

Scribner's  Monthly,  N.  Y.,  h\^h.  and  Mar.,  1871,  402-422,  405-490,  ill. 

T.  C.  Mexdknhall, 
Professor  of  Mitrorolofjjf,  Sifpidl  Service, 

On  a  Diflferential  llesistance  Thermometor.  Amor.  J.  Sc,  N.  Haven,  xxx,  1885, 
114-116.  Phil.  Mag.,  I^>nd.,  XX,  1885,  3S4-38r>.  Nature,  Lond.,  XXXll, 
1885,  567. 

On  Electric  Thermometry.  Pr.  Amor.  Assoc,  xxxv,  1880,  110-111.  Nature, 
Lond.,  XXXIV,  1H8(>,  559.    Scionoo,  N.  Y.,  Vlll,  H^m,  207-208. 

A  Century  of  Electric^ity.    12nio.     Bost.  and  N.  Y.,  1887,  229  pp. 

Lieut.  P.  H.  Kay, 

Assista^it  to  Chief  Signal  Officer. 

Beport  of  the  International  Polar  Expedition  to  Point  Barrow,  Alaska,  1881-'83, 
4to.    Wash.,  1885.    695  pp.,  23  pis. 
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Thomas  Russell, 
Assistant  Professor^  Signal  Service. 

Corrections  of  Thermometers.  U.S.  Signal  Service  Notes,  No.  xxn.  8vo.  Wash., 

1885, 11  pp. 
Temperatures  at  which  Differences  Between  Mercurial  and  Air  Thermometers 

are  Greatest.    Bull.  Phil.  Soc,  Wash.,  ix,  1886,  25-32.    Amer.  Met.  J., 

Ann  Arbor,  iv,  1887-'88,  131-135,  177-181. 
Rain  and  Snow  from  Cloudless  Sky.    U.  S.  Month.  Weather  Rev.,  Wash.,  1887, 

314-315. 
Depth  of  Evaporation  in  the  United  States.    U.  S.  Month.  Weather,  Hev., 

Wash.,  Sept.,  1888,  235-239,  map.    Also:  Engineering  Mag., N.  Y.,  1888.     . 
Report  of  Forecasts  of  Cold  Waves.    Ann.  Rep.  Chief  Signal  Officer,  1889,  Ap- 
pend. No.  12,  pp.  145-1.55.    Criticism  of  this  Article  by  S.  M.  Ballou  m 

Amer.  Met.  J.,   Ann   Arbor,    vil,    1891,    529-542.     Reply  to  Criticism. 

Amer.  Met.  J.,  Ann.  Arbor,  vni,  1891,  1-3. 
Rainfall  and  River  Outflow  in  the  Mississippi  Valley.    Ann.  Rep.  Chief  Signal 

Officer,  1889,  Append.  No.  14,  pp.  159-172. 
Prediction  of  Cold  Waves  from  Signal  Service  Weather  Maps.    Ann.  Rep. 

Chief  Signal  Officer,  1890,  73-184,  102  charts.    Amer.  J.  Sc,  N.  Haven, 

XL,  1890,  463-475. 
Stages  of  the  Ohio  River  and  of  its  Principal  Tributaries,  1858  to.  1889,  inclusive. 

Part  I.    Prepared  under  the  Direction  of  Brig.  Gen.  A.  W.  Greely,  C.  S. 

O.,  by  T.  Russell,  Asst.  Prof.    4to.    Wash.,  1890,  xviii,  377  pp.    (Millio- 

graph.) 
Stages  of  the  Mississippi  River  and  of- its  Principal  Tributaries,  except  the  Ohio 

River.  1860  to  1889,  inclusive.    Part  il.    Prepared  under  the  Direction  of 

Brig.  Gen.  A.  W.  Greely,  C.S.  0.,bv  T.Russell,  Asst.  Prof.   4to.  Wash., 

1891,  XX,  503  pp.    (Milliograph.) 
Stages  of  Water  at  Miscellaneous  River  Stations  in  California,  Oregon,  North 

Carolina,  etc..  1875  to  1889,  inclusive.    Pt.  ill.    Prepared  under  the  Direc- 
tion of  Brig.  Gen.  A.  W.  Greolv.  C.  S.  O.,  by  T.  Russell,  Asst.  Prof.    4to. 

Wash.,  1891,  ix,  134  pp.    (Milliograph.) 
Practical  Rules  for  Prediction  of  Flood  Stages  of  Rivers  in  the  United  States, 

with  Excessive  Rainfalls  and  River  Discharges.    Annual  Report  Chief 

Signal  Officer,  1891,  irf  Appendix  No.  5,  73-260. 

C.J.  Sawyer, 

Bibliographer,  Signal  Semce. 

The  Signal  Service  Bibliography  of  Meteorology.    Bull.  Phil.  Soc.,  Wash.,  x, 
1887,20-28.    (With  C.  Abbe.) 

J.  A.  Swift, 

Lieutenant,  Signal  Corps, 

Practical  Telegrapher,  a  Manual  of  Practical  Telegraphy  and  Telegraphic  Con- 
struction.   8vo.    N.  Y.,  1883,  187  pp. 

Lieut.  R.  E.  Thompson, 

Assistant  to  Cliicf  Signal  Officer, 

Eleport  on  Homing  Pigeons.    Ann.  Rep.  Chief  Signal  Officer,  Wash.,  1888, 47-51. 
Reports  on  Military  Sl;rnaling.    Ann.  Rep.  Chief  Signal  Officer,  Wash.,  1888, 
41-54: 1889,  44-56. 

WiNSLOW  Upton. 
Computor,  Sigmd  Serrict, 

Information  Relative  to  the  Construction  and  Maintenance  of  Time-balls.    Prof. 

Papers  U.  S.  Signnl  Service,  No.  V.    4to.     Wa-^h.,  1881,  31  pp.,  2  pb. 
Methods  adopted  in  the  (VmiputULion  of  .M  out  hi  v  Barometric  Keduotion  Ooii* 

slants.    Ann.  I^cp.  C.  S.  O.,  lS8i\  Append.  No.  61,  82^-846. 
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Report  upon  tho  Balloon  Ascension  made  from  Minneapolis,  Minn.,  Sept.  12, 1881. 
Ann.  Rep.  C.  S.  O.,  1882.    Append.  No.  6«,  8(52-87.1. 

The  Use  of  the  Spectroscope  in  Meteorological  Observations.  U.  S.  Signal  Serv- 
ice Notes  No.  IV,   8vo.    Wash.,  188.'i,  7  pp.,  3  pis. 

The  Spectroscopic  Bain-band.  (Abstract.)  Fr.  Amer.  Assoc.,  xxxi,  1882,  145- 
146. 

Report  of  tho  Eclipse  Expedition  to  Caroline  Islands,  May  6, 1883.    Mem.  Nat. 

Acad.  Sc.,  Wash.,  1884, 26-86,  7  chs.,  3  pis. 

Frank  Waldo, 
Computor,  Sujnal  Service, 

Mathematical  Lectures  at  Fort  Myer.    Ann.  Kep.  Chief  Signal  Officer,  Wash., 

1882,  Pt.  I,  Api)end.  No.  6,  pp.  143-172. 
Reprint  of  **The  Motions  of  Fluids  and  Solids  on  the  Earth's  Surface,"  by  Wm. 

Ferrel.    With  notes  by  Frank  Waldo.    Prof.  Papers  U.  S.  Signal  Service. 

No.  vni.    4to.    Wash.,  1882,  T)!  pp. 
On  Mr.  Heath's  Criticism  of  Ferrel's  Theory  of  Atmospheric  Currents.    Phil., 

Mag.,  Lend.,  xvi,  1883,  204-267. 
On  the  Application  of  Wright's  Apparatus  for  Distilling,  to  tho  Filling  of  Ba- 
rometer Tubes.    Amer.  .T.  Sc,  N.  Haven,  xxvii,  1884,  18-19. 
The  Russian  Meteorological  Service.    Science,  N.  Y..  in,  1884.  117-121. 
The  Study  of  Meteorology  in  the  Gorman,  Austrian,  and  Swiss  High  Schools. 

U.  S.  Signal  Service  Notes,  No.viil.    8vo.    Wash.,  1883,  7  pp.  Met.  Zeit- 

schr.,  Berl.,  i,  1884, 138-144. 
Comparisons  of  Signal  Service  Barometers-with  Standard  Barometers  in  Europe 

and  the  United  States.    U.  S.  Month.  Weather  Rev.,  Wash.,  April,  1887, 

119-121. 
Results  of  Anemometer  Observations  av  Sea.    U.  S.  Month.  Weather  Rev.,  Wash., 

Jan.,  1887,  31. 

Lieut.  F.  K.  Ward, 
Assistant  to  Chief  Si{^naJ  Officer. 

The  Elements  of  the  Heliograph.     U.  S.  Signal  Service  Notes  No.  xi.     8vo. 
Wa9h.,1883. 12  pp. 

Lieut.  T.  M.  Woodruff, 

Assistant  to  Chief  Signal  Officer, 

Cold  Waves  and  their  Progress.      U.  S.  Signal  Service  Notes,  No.  XXIU.    8vo. 
Wash.,  1885,  21  pp. 


APPENDI5^  12. 

SEPORT  OF  SUPPLY  AND  MISCELLANEOUS  DIVISION. 

Signal  Office,  War  Department, 

Washingtxm  JCity^  July  i,  1891, 

Sir:  I  have  the  honor  to  submit  the  following  report  of  the  supply  and  mis- 
cellaneous division  for  the  fiscal  year  ended  June  30, 1891 : 

PERSONNEL. 

Under  Special  Orders,  No.  28,  dated  Headquarters  of  the  Army,  Adjutant-Gen- 
eral's Office,  Washington,  February  2, 1889, 1  continued  on  duty  as  property  and 
disbursing  oflBcer  of  tne  Signal  Service  until  February  28, 1891 .  Under  the  act  ol 
October  1 ,  1890,  reorganizing  the  Signal  Corps  of  the  Army,  having  been  commis- 
sioned a  captain  in  the  Signal  Corps.  I  accepted  the  same  to  date  March  1, 1891  {va- 
cating my  commission  as  captain  and  A.  Q.  M.),  and,  under  a  decision  of  the  Second 
Comptroller  of  the  Treasury  that,  as  '*  captain.  Signal  Corps,"  I  could  continue 
to  disburse  the  appropriations  for  the  remainder  of  the  fiscal  year  ending  June 
30, 1891,  provided  I  should  be  designated  as  disbursing  officer  by  the  Secretary 
of  War  and  file  a  proper  bond,  I  was,  under  Special  Orders,  No.  49,  dated  Head- 
quarters of  the  Army,  Adjutant-GeneraVs  Office,  Washington,  March  4, 1891,  so 
aetailed  to  date  from  March  1, 1891,  and  the  necessary  bond  as  such  disbursing 
officer  was  approved  by  the  honorable  the  Seci-etary  of  War  on  March  5,  1891, 
and  is  on  file  in  the  Treasury  Department. 

CLERICAL  FORCE. 

On  July  1, 1890,  thei^e  were  employed  in  this  division  00  pei'sons,  3  enlisted 
men  and  57  civilians,  the  60  employes  being  distributed  as  follows :  clerks,  22 
civilians ;  mechanics,  messengers,  and  laborers,  .3  enlisted  men  and  '^  civilians. 

On  June  30, 1891,  there  were  employed  in  tlio  division  04  persons,  1  enlisted 
man  and  63  civilians,  the  64  employe's  being  distributed  as  follows :  clerks,  21 
civilians;  mechanics,  messengers,  and  laborers,  1  enlisted  man  .and  42  civilians, 

It  will  be  noticed  that  there  was  on  duty  on  June  30,  1891,  one  clerk  less  than 
on  July  1, 1890,  yet  the  work  has  been  kept  well  in  hand  and  at  no  time  during 
the  year  has  it  iJeen  behind,  and  at  this  timo,  notwithstanding  the  great  amount 
of  work  necessitated  by  the  transfer  of  the  Weather  Bureau  to  the  Department 
of  Agriculture,  there  is  no  unfinished  business  exoei)t  that  which  has  accumu- 
lated during  the  last  month,  and  even  that  is  in  such  shai>e  that  it  can  Ix}  dis- 
posed of  within  a  very  short  time. 

The  force  of  the  division  on  June  30, 1891,  engaged  on  purely  clerical  work 
not  including  messengei's,  laborers,  and  w^atchmen,  consisted  of  1  clerk  of  class 
4,  1  clerk  of  class  2,  10  clerks  of  class  1,  5  clerks  at  $1,000,  2  clerks  at  $1K)0.  and  2 
copyists  at  $840,  while  on  July  1, 1890,  the  force  consisted  of  1  clerk  of  class  4, 
1  clerk  of  class  3,  9  clerks  of  class  1,  7  clerks  at  $1,0(M),  3  clerks  at  $900,  and  1 
copyist  at  $720. 

It  will  thus  be  seen  that  there  has  been  not  only  a  reduction  in  the  number  of 
persons  employed,  but  in  the  aggregate  salaries  paid,  in  the  division.  Some  of 
the  most  experienced  clerks  have  secured  transfers  to  other  Bureaus,  and  the 
▼acancios  have  been  filled  bv  clerks  of  less  exi>erience,  and  consequently  not  so 
efficient  as  those  who  have  left.  The  methods,  however,  are,  it  is  thou^jht,  the 
most  simple  and  businesslike  that  could  be  devised  consistxmt  with  absolute  ac- 
curacy and  thorough  efficiency,  and  th\is  it  has  bt.'en  possible  to  carry  on  the 
work  of  the  division,  which  involves  the  disbursement  of  over  $iMK),OU-)  annually, 

411 


412  REPORT   OF   TIIE   CHIEF    SIGNAL    OFFICER. 

the  handling  of  a  very  lar^u  correspondence,  the  transportation  of  supplies  over 
the  entire  country,  and  the  settlement  of  10.000  accounts  i>er  annum,  with  a  less 
number  of  clerks  than  would  have  been  otherwise  required. 

CHARACTER  OP  WORK  PERFORMED. 

The  work  of  the  division  is  of  a  very  miscellaneous  character,  comprising  the 
preparation  of  estimates  for  appropriations;  the  preparation  of  specifieations 
and  advertisements  for  supplies ;  the  issuing  of  orders  and  letters  authorizing 
expenditures  at  stations :  the  preparation  of  contracts  and  of  leases ;  the  pur- 
chasing, receiving,  packing,  and  snipping  of  all  supplies ;  the  transpoi*tation  of 
persons ;  the  handling  of  all  foreign  and  domestic  mail  matter ;  the  record  of  all 
registered  mail  sent  and  received ;  the  invoicing  of  all  property  sent :  the  pi-ep- 
aration  of  all  abstracts  of  property  received,  expended,  and  issued;  the  appoint- 
ment, transfer,  and  discharge  of  civilian  employes;  the  examination,  prepara- 
tion, and  settlement  of  the  accounts  against  this  office,  including  the  settlement 
of  the  accounts  for  the  salaries  of  the  personnel  of  the  service ;  the  record  of 
sales  of  publications ;  the  preparation  of  the  money  accounts  of  the  disbursing 
officers,  mcluding  the  abstracts  and  accounts  current ;  the  proper  record  of  all 
'  receipts  and  expenditures  of  money  and  the  condition  of  the  various  appropria- 
tions ;  the  examination  and  audit  of  the  accounts  relating  to  telegraph  tolls,  and 
the  briefing  and  indexing  of  all  lettera  received,  and  the  writing,  recording,  and 
mailing  of  all  letters  sent  relating  to  the  above. 

In  addition  to  the  clerical  force  the  division  has  had  charge  of  the  heating, 
lighting,  care,  policing,  and  guarding  of  the  premises,  including  the  supervfi- 
ion  of  the  work  of  all  engineers,  firemen,  watehmen,  messengers,  laborers,  and 
charwomen,  since  Juno  1,  1891. 

Owing  to  the  varied  and  technical  character  of  the  work  performed,  embi*ac- 
ing  as  it  does  the  preparation  and  settlement  of  medical  accounts,  express  ac- 
counts, transportation  accounts,  pay  accounts,  mileage  accounts,  quai*termaster8* 
accounts,  ana  the  handling  of  large  quantities  of  property,  etc.,  the  clerks  en- 
gaged must  of  necessity  possess  special  skill  and  iitness  and  qualifications  of  a 
higher  order  than  would  be  otherwise  recjuired,  and  I  am  pleased  to  sav  that, 
notwithstanding  much  of  the  new  work  which  has  been  assigned  to  the  division 
had  been  never  before  handled  by  its  clerks,  such  work  has  been  taken  up  and 
disposed  of  with  the  greatest  expedition. 

CUANGE  OF  DESIGNATION. 

Although  for  administrative  ])urposes  the  division  had  been  designated  as 
"*  accounts  division."  yet  in  consideration  of  the  varied  character  of  the  duties 
therein  jjerformed.as'indicated  in  the  foregoing  section,  it  was  deemed  advisable 
to  apply  a  designation  which  would  more  clearly  indicate  the  scope  of  the  work 
assigned:  accordino:ly,  in  the  i*earrangement  ofthe  divisions  announced  in  In- 
structions No.  13,  dated  Signal  Office,  War  Department,  Washington  City,  June 
13,  1891,  the  name  "supply  and  miscellaneous  division"  was  applied,  and  the 
publications  division  was  attached  as  a  subdivision. 

CARD  SYSTEM  OF  RECORDS. 

As  the  terms  "letters  received"  and  "letters  sent"  comi)rehend  nearly  all  the 
business  of  an  executive  bureau  or  office,  it  Ls  a  matter  of  considerable  impor- 
tance to  adopt  such  methods  In  the  handling  and  recording  of  said  letters  as 
will  offer  the  gi^eatest  saving  in  time  and  labor  consistent  with  perfect  accuracv 
and  thoi'ough  reliability,  and  it  is  Ixjlieved  that  the  card  system  of  records  which 
has  been  in  operation  in  the  division  for  the  i)ast  two  years  has  demonstrated 
in  the  direction  of  economy'  of  spaoo,  saving  of  labor,  and  in  the  expedition  of 
business  its  superiority  over  the  old  and  elaborat^j  but  profitless  and  expensive 
system  previously  in  vogue.  The  card  system  has  been  also  applied  to  the  pres- 
ervation in  the  division  of  other  data  with  gratifying  i*esults. 

The  statement  following  shows  in  detail  the  number  of  cards,  covering  let- 
ters received,  opened,  for  names  and  subjects,  each  month  during  the  fiscal  year 
ended  June  30,  181)1: 
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iths. 

Number  of 

letterH 

received. 

Number  of   cards 
opened. 

Per  cent  of  cards  for 

year  opened   each 

month. 

Writer,  i  Subject. 

1 

Writer. 

Subjeoi. 

90. 

,  022 

l.ini 

793 

8(57 
892 
8(>(i 

1.  030 
832 

1.150 
,            1,024 
'            1,114 

1,041 

m 

51 

58 
80 

(>:t 

4 

i 

11 
5 

8 

9.9 

6.2 

7.4 

10.8 

8.4 
11.7 

9.2 

16.9 

10.2 

7.7 

9. 2              12. 3 

91. 

52                 10 
40                   1 
57                   5 
IS                5 
38  1               0 

1              ^'-                  ^ 

7.6 

15.4 

5.8 
8.3 
7.0 
5.5 
9.0 

1.5 

7.7 

7.7 

0.0 

4.6 

11,792 

im  '              65 

100.0 

100.0 

1 

1 

UKR  OF  LKTT?]RS  RKCT-UVKP  AND  INDKX  CARDS  OPENED  TOR  THE 

Years  1889-*iK)  and  1890-*91. 


Years. 


Total 

number 

letters 

received. 


11,135 


Number    I    Number 
of  writer   '  of  subject 


cards 
opened. 


:'noe 


1,790 
6S6 


cards 
opened. 


468 
65 


—403 


CORRESPONDENCE. 


number  of  letters  received  during  the  year  is  17,858  (containing 
uivK).  of  which  6,593,  boinjj  letters  of  transmittal  for  bills  or  accounts, 
ei-ed  upon  the  card  record. 

number  of  letters  sent  out  is  19.539,  which  includes  1  ,«U5  indorse- 


estimates. 


»d  by  law.  and  in  compliance  with  h»ttor  of  Au<iust  18. 1890,  from  the 
10  Secretary  of  War,  estimati's  foi*  a])i)r()priation8  for  the  tiscal  year 
.30,  1892,  were  submitted  to  the  War  De])artment  on  September  15, 
[uently,  on  October  1,  18iH).  the  act  of  ('ouj^^ress  to  increase  the  effl- 
educothe  expenses  of  the  Si«jrnal  Corps  of  the  Army,  and  to  transfer 
r  Service  to  the  Department  of  Agriculture  was  ])ai:s4;d, which  neoes- 
"ecalling^  of  the  estimates  submitt.<M]  to  tlie  War  l).M.)artment  and  the 
the  stime  for  submission  aw  rcquirod  by  tht^  iu*t ;  the  estimates  cov- 
ork  of  the  .Signal  Corps  being  i)r<.^i;arcd  unchM*  tin;  direction  of  the 
r  War.  while  those  for  the  work  of  the  Weather  Bm*eau  were  pre- 
ibmitted  to  the  Secretary  of  Agriculture.  The  estimates  in  deUdl 
1  in  the  *'  Book  of  Estimates." 
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DEFICIENCY  ESTIMATES. 

Under  tho  act  of  Confjress  approved  Oftobcr  1, 18i)0,being  '*An  act  to  increase 
tho  efficiency  and  reduce  tho  expenses  of  tho  Signal  Corps  of  tho  Army,  and  to 
transfer  the'Wcathcrr  Service  to  the  Department  of  Agriculture,  "a  commissioned 
force  of  the  Signal  Corps  was  organized,  to  consist,  in  addition  to  the  Chief 
Signal  Oiticer,  of  one  major,  four  captains  (mounted),  and  four  first  lieutenantfi 
(mounted).  No  Appropriation,  however,  was  made  in  said  act  for  the  pay  and 
allowances  of  said  oflicers,  and  the  Second  Comptroller  of  the  Ti-easury,  to  whom 
tho  qTiestion  was  referred,  decided  that  the  appropriation,  *'  Signal  Servioepay, 
jtc.,''  for  tlie  current  fiscal  year  was  not  applicable  for  such  purpose,  and  as  tho 
appropriation  for  the  support  of  the  Army,  under  existing  law,  was  not  available 
for  such  payment  during  the  present  fiscal  year,  it  became  necessary  to  submit 
an  estimate  to  provide  for  tho  pay  and  allowances  of  those  oflicers  from  the  dates 
they  might  be  commissioned. 

I'ho  act  of  ( 'ongress  above  referred  to  also  provided  for  the  mustering  out  of 
the  service,  on  June  30, 1891,  of  the  enlisted  force.  This  provision  of  law  re- 
quired an  appropriation  for  the  amounts  due  by  law  to  said  enlisted  men  at  dis- 
charge, and  an  estimate  was  submitted  for  the  sum  of.  $<U.<'»i:j.27,  to  cover  tho 
following  items: 

Pay  proper  {travel  allowance)  . , $9,  254. 24 

(Commutation  of  rations  (ti-avel  allowance) 3, 319. 30 

Retain  pay 8,625.00 

Pay  for  clothing  not  drawn 34,881.19 

Itepayment  i»f  de]>osits  and  int4?rest  thcyeon 8, 533. 54 

Total - 64,613.27 

Another  ])rovisi(m  in  the  ac<  quoted  required  the  sejiaration  of  military  tele- 
graph and  meteorological  stations,  (at  places  where  the  otlices.  then  combined, 
were  located  in  army  buildings),  and  the  sum  of  $1KX)  was  asked  to  provide  for 
tho  removal  of  the  weather  ofiices  and  tho  reerectiou  of  mettjorological  instru- 
ments elsewhere  on  or  before  June  30, 1-^91. 

Owing  to  the  publit!  demand  for  the  issue  of  weather  mai)s.  the  edition  was  in- 
creased fnnn  178,248  in  ls8G-*87  to  1.0«9,534  in  18X9*00,  ami  is  being  increased 
daily .  The  estimate  for  an  appropriation  under  this  item  for  the  fiscal  j'car  ended 
June  30,  lSt»l,  was  based  upon  the  actiuil  number  of  maps  then  being  issued. 
Since  then  it  has  been  found  that  the  sum  appropriated  would  l>e  inadequate  to 
sup])ly  the  number  demanded  by  tho  ])ublic,  and  that  2(K).000  additional  maps 
would  be  required  to  last  until  June  30,  lS!il,  which  would  cost,  under  the  contract. 
$H10,  and  an  estimate  for  that  sum  was  therefore  submitted. 

All  of  the  alK>ve  estimates  received  favorable  action  by  Congress,  and  the  neces- 
sary a])propriations  were  made  by  the  deficiency  act,  ap][)roved  March  3,  1891, 
with  the  exception  that,  instead  of  apjn'opriating  an  additional  amount  for  tho 
pay  of  tlu^  otticers  of  the  Signal  Corps,  commissioned  under  tho  act  of  October 
1,  'l8tK),  C()ngri»ss,  at  th(;  suggestion  of  tho  Chief  Signal  Offlcor,  enacted  "that 
the  appropriation  for  the  pay  of  the  fourteen  second  lieutenants  of  tho  Signal 
eor])s  m  the  sundry  civil  act,  approved  August  30,  1890,  is  hereby  made  avail- 
able for  tho  pay,  regular  suj)plics,  and  allowances  of  one  major,  four  captains, 
and  four  first  lieutenants,  api)ointed  in  the  Signal  Corps  under  the  act  of  Congress 
approved  Oetolx'r  1,  18W." 


AOVKRTISEMKNTS  AND  PROPOSALS. 

Section  3709  of  the  Ivevised  Statutes  requires  that  ••all  purchases  and  con- 
tracts for  supplies  or  services,  in  any  of  the  departments  of  the  Govemmentv  ex- 
cept for  personal  services,  shall  be  made  l^y  advertising  a  sufficient  time  previ- 
ouslvfor  projMDsals  resixjcting  the  same,  when  the  public  exigencies  do  not  require 
the  immediate  delivery  of  the  articles  or  ])erformance  of  the  service." 

Under  a  ruling  of  the  Second  Comptroller  of  the  Treasury,  where  the  value  of 
the  articles  is  less  tlian  ^'Jti),  the  advertisement  for  proposals  can  be  waived;  In 
other  (rases,  the  ottice  has  f<iund  it  advantageous  to  strictly  follow  the  law  gov- 
erning advertisements,  fr)r  by  so  doing  an  unfavorable  criticism  o^  tho  accounts 
is  avoided:  iK-sides.  thi?  oHiee  has  ])een  enabled  to  procure  tho  best  goods  for  the 
l«'ust  mniu'v.  and  tlnMippro]>riationshavebeen  thereby  most  judiciously  expended. 

The  plan  adopted  la.st  year.  fe({uiring  the  succcsisful  biduer  to  deposit  a  certi- 
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fied  check,  as  well  as  that  of  iusistin^  upon  a  forfeiture  in  case  of  delay,  have 
i*cBulted  in  securing  more  prompt  delivery  of  orders  than  had  been  thoi-etofore 
the  case.  In  connection  with  the  matter  of  forfeitures,  a  question  was  i*aised 
during  the  yeai*  fcy  the  accounting"  officers  of  the  Treasury,  as  to  whether  it 
waa  in  the  powerof  the  Chief  Signal  Officer  to  waive  the  penalty  when  onco 
it  had  been  incurred.  The  office  held  that  it  was  within  the  pi'ovinco  of  the 
head  of  the  Bureau,  upon  proper  i*epresentation  of  tlie  matter,  to  waive  the  pen- 
alty, or  any  portion  oi  it,  if  for  gootl  and  sufficient  reasons  it  was  deemed  proper 
to  do  bo,  and  in  order  to  avoid  an^-  question  in  the  future,  a  clause  to  that  eflfect 
haH  been  instated  in  all  advertisements  sin(»e  issued  by  this  office. 

During  the  year  thei*e  were  issued  .156  advertisements  (in  the  shape  of  circu- 
lars) covering* the  various  articles  required  for  the  maintenance  of  the  stations 
of  the  Service. 

REDUCTION  IN  THK  COST  OF  SEKVICE. 

As  illustrative  of  the  reduction  in  the  cost,  during  the  past  six  years,  for  the 
maintenance  of  the  Service,  in  all  its  branches,  the  following  table  is  appended, 
which  shows  for  the  fiscal  vears  ended  June  30,  1880,  to  June  30,  1891,  the  ag- 
gregate amount  appropriated  in  regular  and  deficiency  bills,  excepting  only  the 
deficiency  of  $(U,<)13.27,  lx>ing  an  extraordinary  appropriation  rendered  abso- 
lutely necessary  by  the  reorganization  of  tlic  Weather  Bureau  on  a  civilian  basis. 
It  should  be  understood  that  these  amounts  include  also  all  claims  allowed  and 
certified  by  the  accounting  officers  of  tlie  Treasury  on  account  of  deficiencies  in 
subappropriations.  This  makes  the  table  a  comparable  one  with  respect  to  the 
cost  of  the  Signal  Coi*ps  and  Weather  Bureau  as  regards  their  maintenance  from 
vear  to  year.  • 


Designation  of  appropriation. 


Salaries  of  clerks 

Postage  stamps 

Stationerv 

Rent 

Contingent  expenses 

Observation  and  report  of  storms. . . 
Maintenance,  etc.,  telegraph  lines.  . 

Pav  of  Signal  Corps 

Subsistence  of  Signal  Corps 

Regular  supplies 

Incidental  expenses 

Trans])ortation 

Barracks  and  quartei-s 

Clothing,  camp,  etc.,  eciuipagc 

Medical  department 

Ordnance  supplies 

Printing  and  oinding 

Kxpensi^s  Signal  Service    

Capes  Charles-Henry  liable .' 

Repair  Columbia  River  cable 

Point  Reyes  Telegraph  Line 

Observation,  etc.,  Arctic  seas 

Signal  stations,  Nantucket  Island  . 
American   Graphic  Company,   for 
maps ' 

Total 


IKSli. 


1, 

4. 


< . 


24(>. 

24. 

247, 

IT)"), 

•> 

i . 

14, 


mo.  00 

(Hit).  00 
10H.(X> 
.')(M).  00 
417.49 

0(K).  (M) 
301.01 
<MH).00 
7.S4.  40 
•*^.*i3.  7') 

:>i2.oi 
S7:>.  SI) 


1(H).  (M) 
1(M).0() 
(NH).  (N) 
oOO.  00 


I 


1S87. 


14,549.17 
20,  mo.  00 

r>.  7r>().  00 


$40, 
3, 

m 
I. 

244, 
24, 

140. 
.%, 

2.3. 

S7. 


6<i0.00 
800.70 
073.  32 

5m).  00 

231.75 

:V)0. 00 

000.  (X) 
,301.50 
2<)0.  .3S 
70«.  87 
772.  00 
S.V).  02 
70.-).  17 


3,  523. 03 


15, 151.50 

3,  000.  00 

20, 000. 00 


1888. 


$40, 660. 00 

800.79 

3, 873. 32 

7,  .500. 00 

7, 085. 42 

249, 600. 00 

24, 000. 00 

223, 6S0. 00 

148,000.00 

57,151.85 

772.00 

23, 488. 14 

.^i,  440. 00 


3, 200. 00 


10,000.0t) 
8, 000.  a) 


5,  ^)00. 00 
4.  974. 75 


9,  944. 00 


080.  70.'i.  72  '      013.081.23 


013,670.27 
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-  cslgnation  of  appropriation. 


1 880. 


1890. 


1891. 


Salaries  of  clerks i    ^V2Ck  .VJ").  ( h » 

s:i4.  i:* 

7..'>on.  tin 
■j:{.Ti:{.  ><2 

M.KTTlu.O.'J 


Postage  8tami>s 

Stationery 

lient 

Contingent  ex]K>nses _ 

Observation  and  report  of  storms . . 
Maintcnanee,  etc.,  telcgra])h  linc:-. 
Pay  of  Signal  Corps. 

Subsistence  of  Signal  Corps 


.^153,  \m,  0()  ;      $154, 893. 70 
r>(K).  4J)  I  500. 49 

a.5(H).iH)  I  3,200.00 


1(),7:/(L(K»  , 
220.  (5:iS».  :w  ! 

2a,(H)n.oo 
:r)4..svi.  10 


(5, 570. 00 

223,009.32 

20, 155. 00 

;i57, 952. 00 


Regular  supplies 4s,02\l»jj  ; 

__A..  ^^,  <4.).     1(1 


Incidental  expenses 

Transportation _. 

Bari'acks  and  q  uartei*s 

Clothing,  camp,  etc.,  equipage |. 

Medical  department ; 

Ordnance  supplies ' 

Printing  and  binding 

Expenses  Signal  Service 

Capes  Charles- Henry  cable | 

Repair  ([Jolumbia  liiVer  (rable ! 

Paint  Reyes  Telegraph  Lino 

Observation,  etc.,  Arctic  seas ^ 

Signal  station,  Nantucket  Island.  ..; 

American   Graphic    (Company,   for  | 

maps i. 


22.<)1S.24 
(i4.0!M.l):J 


9.  200. 00 

Xl'l.  01) 

1<.>,0(K).<XI 


2.7:)0.(M)  ; 


2,  ()27. 20 


4, 590. 68 

175.00 

17,000.00 


2,(500.00 


lO.OfHi.oO  '         10,000.00  I  10,000.00 

.kOOO.oo  5,(X)0.00  !  10,000.00 


J ,  740. 00 


Total 850.J>9ri.;W        821,ia5.21  !      815,655.10 


The  foregoing  table  shows  that  the  annual  maintenance  of  the  Service  hati 
decreased  I'e^ularly  from  year  to  year,  and  that  the  aggregate  appropriationF 
for  the  fiscal  year  ended  June  30,  1891.  were  $174.030.5.'$  less  than  those  made 
for  the  fiscal  year  ended  June  30,  1880. 

There  are  three  items  under  j)ublic  acts  which  do  not  fall  within  the  charge 
of  yearly  maintenance.  An  appro])riation  of  $I7.(J<X)  for  the  construction  of  a 
telegraph  line  in  F'lorida  and  of  -^ti.yoOfor  the  Tatoosh  Island  Telegraph  Line  en- 
tailed extra  bui'deus  for  yearly  maintenance  of  these  lines,  but  such  natural  in- 
X  crease  of  yearly  exi)en8es  has  been  ofT.set  by  the  purchase  of  a  building  in  Wash- 
ington for  tlie  Weather  Bui*eau,  whereby  the  item  of  $7,500  for  rent  will  bo 
hereafter  unnecessary. 

EXPENDITURES  AUTHORIZED. 

Owing  to  the  fact  that  there  were  one  hundred  and  eighty-seven  regular  and 
three  hundi'ed  and  forty -one  special  stations  scattered  over  the  entire  territory 
of  the  United  States,  the  number  of  accounts  for  small  amounts  necessary  in  the 
disbursement  of  the  several  appropriations  controlled  by  this  office  aggregates 
nearly  ten  thousand  i)er  annum.  • 

Under  the  old  system  each  account  required  the  autograph  approval  of  the 
C^hief  Signal  Officer,  and  as  they  were  rendered  in  du])licate,  such  a  requirement 
im]K)Hed  a  great  physii^al  labor  \i]X)n  the  head  of  the  Bui'eau,  to  obviate  which  It 
was  suggested  by  this  office  and  concurivd  in  by  the  accounting  officers  of  the 
Treasury  to  luirmit  the  Chirf  Signal  Officer  to  Is.sue  at  the  Ix^ginning  of  each 
fiscal  year  special  oi'cUm's  authorizing  (.'ertain  expenditures  at  the  various  stations 
during  the  ensuing  fiscal  year :  these  special  orders  were  so  ]}repared  as  to  classify 
expenditures  of  like  character,  and  to  cover  as  well  as  to  limit  all  items  of  ex- 
]>ense  (known  as  fixed  trharges)  likely  to  Ix:  incurred  during  the  year  for  the 
proper  maintenance  of  th«'  station;  one  copy  of  each  order  is  tiled  with  the  fii-st 
account  rendered  and  thereafter  ref^uMvd  to  on  all  subsequent  accounts.  Thetw 
orders.  Ixisides  avoitling  the  enormous  and  to  a  certain  extent  purely  iMSi-functory 
labor  of  ai)proving  each  accr)\mt.  have  })een  found  to  be  of  great  advantage,  as  a 
means  of  ready  reference,  in  the  expeditious  audit  and  settlement  of  accounts,  it 
being  exti'emely  rare,  and  usually  due  to  circumstances  over  which  the  office 
has  no  control,  that  the  payment  of  an  account  is  not  made  within  four  dajs  after 
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its  receipt  at  this  office.  Checks  in  payment  of  the  monthly-  compensation  of 
the  enlisted  men  of  the  Signal  Corps  and  the  civilian  employes  on  duty  outside 
of  Washington,  D.  C,  have  been  mailed  to  them  on  the  very  day  on  which  the 
{Niy  was  due.  To  still  furtJier  reduce  the  number  of  accounts  a  form  of  service 
and  pay  roll  was  devilled  by  which  all  the  civilian  omployiis  at  special  stations 
under  a  center  would  be  borne  upon  one  roll,  by  which  plan  a  reduction  of  over 
five  hundred  separate  accounts  per  annum  has  oeen  effected. 


REQUISITIONS  AND  ORDERS. 

There  were  made  during  the  year  on  the  supply  division  of  the  War  Depart- 
ment the  following  requisitions : 

For  stationary 92 

For  miscellaneous  articles - 149 

For  books  and  periodicals 23 

Total 264 

There  were  also  issued  the  following : 

Orders  on  contractors 530 

Letters  of  authority  to  stations 1,118 

Total 1,648 

CONTRACTS. 

As  required  by  the  act  of  Congress  approved  April  21, 1808  (Statutes  at  Large, 
vpl.  2,  p.  435),  i  submit  hei*ewith  a  list  of  contracts  and  leases  made  during 
the  fiscal  year  ended  June  30, 1891 : 


With  whom  made. 


The  Sedgwick  Build- 
ing Investment  Co. 

Henry  Ash 

Thomas  Sweeny 

P.  J.  Allen 

J.  F.  Braum 

Chamber  of  Com- 
merce. 

G.M.  Hall 

James  Baker 

E.  D.  Franz 

S.  Marks  &  Co 

Wm.  G.  Tucker 

E.  J,  Brooks  &  Co... 

G.W.Schmidt 

Hale,  Dingley  &  Co 

D.  S.  Hutchinson 

Walla  Walla  Lodge, 
No.  56, 1.  O.  O.  F. 

M.  E.  Conway 

N.  Cramer,  adminis- 
trator. 

New  Haven  Invest- 
ment Company. 

Geo.S.  Waite 

O.  P.  Helm 

Abbie  S.  Ingalls 

R.  McLaughlin 

W.J.  Nesbitt 

First  National  Bank . 

Catharine  Wilson  . . . 


Place. 


Wichita,  Kans. 


Palestine,  Tex 

Elapid  City,  S.  Dak. 

Valentine,  Nebr 

Vicksburg,  Miss 

Sioux  City,  Iowa ... 


Contract 
or  lease. 


Lease 


do 
do 
do 
do 
do 


Pueblo,  Cplo 

Springield,  Mo 

Santa  F6,  N.  Mex  .. 
Roseburg,  Oregon . . 
Port  Angeles,  Wash 
New  York  City 


Pittsburg,  Pa ..;.-- . 
Montgomery,  Ala.. 

Titus  ville,  Fla 

North  Platte,  Nebr. 


Narragansett  Pier,R.  I. 
Manistee,  Mich. 


New  Haven,  Conn. 


...do... 
...do... 
...do... 
....do... 
...do... 
Contract 


Lease 
...do 
...do 
...do 


.do 
.do 

do 


Key  West,  Fla ' do 

Huron,  S.  Dak do 

Indianapolis,  Ind i do 

Jacksonville,  Fla ! do 

Micco,  Fla ! do 

Sault  do  Stc\  Marie ' do 

Los  AngeloH,  Cal I do 

WAB  91— VOL  IV 21 


For  what  purpose. 


Rent  of  office. 

Do. 
Do. 
Do. 
Do. 
Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Newspaper  wrap- 
pers. 
Rent  of  office. 

Do. 

Do. 

Do. 

Do. 
Do. 

Do. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
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With  whom  made. 


Vanderbilt  Univer- 
sity. 

First  National  Bank. 

County  Commission- 
ers. 

Pythian  Land  and 
'Building"  Associa- 
tion.    K 

L.  G.  Nesmith _ 

Sarah  E.  Allen _ 

Cotton  Exdhango 

Board  of  Trade 

Jno.  L.  Mitchell  (Ex.) 

Anna   M.  Grover 

Albert  Marty 

A.  E.  Rouiller 

Heal  Estate  and  Law 
Building  Co. 

S.  C.  A8liby&  Co... 

First  National  Bank.. 

M.  G.  Copeland  &  Co. . 

Chamber    of     Com- 


Place, 


Nashville,  Tenn. 


Portland,  Me - 

Winnemucca,  Nev 

Astoria,  Oreg 


Contract 
or  lease. 


merce.         . 
Isabelle  Waples. 
J.  C.  Entwistle.. 


R.  J.  McLean 

Chadwick  Copying 
Book  Co. 

J.  Goi*don  Payne,  at- 
torney. 

A.  G.Elliott  &  Co.... 

Easton  &  Rupp 

Capital  Printing  Co . . 

Pythian  Land  and 
Building  Associa- 
tion. 

James  Phelan 

The  E.  S.  Greclev  & 

c:(). 

J.  B.  I*i'es<!Ott  &  Son  . 

1  loyco  &  Maroan 

Cle'ndonin  Bros 

Fresno  Loan  and  Sav- 
ing Bank. 
J.  D.  Frcv,  jr 


Cai>ital  Priming  Co  .. 
lv(Hldi!ig  Ink  and  Du- 

})licat<)r  Co. 
Tlanna  S.  Simmons  . . . 
Cotton     Exohanj^o 

Build  in  <r  Co. 

Sol .  Si  >ie<z'elborg 

.I.B.  Blalook... 

H.  ( )vcrh()lser 

W.E.  Palmer 

Riley  Wal s(m 

KM' Ml  ]I:imiuond : 

Vik-o.[  Wiltuii ! 


San  Diego,  Cal 

Tampa,  Fla 

Galveston,  Tex 

Little  Rock,  Ark... 
Milwaukee,  Wis.., 

Kocler,  ('al 

Kansas  City,  Mo-_. 

Lava,  N.  Mex 

Atlantic  City,  N.  J. 


Helena,  Mont 

Moorhead,  Minn . 
Washington  City. 
St.  Paul,  Minn... 


Savannah,  Ga 

Washington  City. 


do 


Lambertville,  N.  J 

Lynchburg,  Va 

Philadelphia,  Pa 


Washington,  D.  C. 
do 

Astoria,  Oregon  .. 


San  Francisco.  Cal 
New  York  City  ... 

Webster,  Mass 


Washington,  D.  C 

Baltimore,  Md 

Fresno.  Cal 


.do 

do 
do 

do 


do 
do 
do 
do 
do 
do 
do 
do 
do 


....do... 
....do... 
Contract 
Lease... 


..-.do... 
Contract 


...-do 

Contract . 

Lease 


For  what  purpose. 


Contract  - 


...do 
...do 
Lease 


....do 

Conti'act .  - 

...do 


do 

...do... 
J-icasc 


Washington ,  D.  C Contract . . 


QO 

Newark,  N.  J 


Rod  Wing,  Minn 
Memphis,  Tenn  . 


Santa  Fo,  N.  Mex 

Spokane  Falls,  Wash . . 
Oklahoma  Citv,Okla.. 

Carthage,  N.  ^lex 

Valentine.  Nobr 

I)(  t  roit ,  M  ioli 

I'uoblo,  Colo 


...do 
...do 

Lease 
...do 


.-.do 

--.do 

...do 

...do 

...do 

...do 

...do 


Rent  of  office. 

Do. 
Do. 

Do. 


Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do, 
Do. 

Do. 

Do. 
Flags. 
Rent  of  office. 

Do, 

Printing  and  litho- 
graphinpr  sup- 
plies. 

Lumber. 

Stationery. 

Rent  of  office. 

Paper,  envelopes, 
etc. 

Do. 

Do. 
Rent  of  office. 


Do. 
Telegraph  supplies. 

1^. 
Do. 
Do. 
Rent  of  offlco. 

TyiKJwriting  and 
stencil  duplicate 
supplies. 

Do. 

Do.     . 

Rent  of  office. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
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With  whom  made.  / 

Place. 

Contract 
or  lease. 

For  what  purpose. 

Alliance  Building  Co. 
P.  M.  Brown  &  Co 

Huron,  S.  Dak 

New  Haven,  Conn 

Lease 

do 

Bent  of  office. 
Do. 

E.  F.  Halleck 

Denver.  Colo --- 

do 

Do. 

Margaret  Parmentier 
Montana   National 

Green  Bav,  Wis 

do 

Do. 

Helena,  Mont 

do 

Do. 

Bank. 
J.  Grordon  Payne  and 

four  others. 
P.  M.  DeVitt 

LiVnchburfif,  Va  ....... 

--..do 

Do. 

Abilene.  Tex...... 

do 

Do. 

RENEWAL  OF  LEASES. 

The  plan  to  include  in  the  leases  the  various  items  of  expense,  such  as  heat, 
light,  janitor's  services^  etc.,  incident  to  the  hiring  of  offices,  has  worked  most 
satisfactorily,  not  only  m  reducing  the  number  of  small  accounts,  but  ta  securing 
a  more  efficient  service  at  the  stations. 

Leases  have  been  renewed  for  the  fiscal  year  ending  June  30,  1892,  at  the  fol- 
lowing-named stations: 


Ali)ena,  Mich. 
Abilene,  Tex. 
Atlantic  City,  N.  J. 
Astoria,  Oregon. 
Baker  City,  Oregon. 
Blook  Island.  R  I. 
Buffalo,  N.  Y. 
Charleston,  S.  C. 
Cleveland  Ohio. 
Cheyenne,  Wyo. 
Chicago.  IlL 
Concordia,  Kans. 
Corpus  Christi,  Tex. 
Columbus,  Ohio. 
Davenport.  Iowa. 
Detroit,  Mich. 
Dodge  City,  Kans. 
Dubuque,  Iowa. 
Eastport,  Me. 
El  Paso,  Tex. 
Eureka,  Cal. 
Fresno,  C*l. 
Fort  Smith,  Ark. 
Galveston,  Tex. 


Green  Bay,  Wis. 
Hatteras,  N.  C. 
Helena,  Mont. 
Huron,  S.  Dak. 
Indianapolis,  Ind. 
Jacksonville,  Fla. 
Kansas  City,  Mo. 
Keeler,  Cal. 
Key  West,  Fla. 
Leavenworth,  Kans. 
Los  Angeles,  Cal. 
Lynchburg,  Va. 
Manistee,  Mich. 
Meridian,  Miss. 
Memphis,  Tenn. 
Milwaukee,  Wis. 
Micco,  Fla. 
Moorhead,  Minn. 
Montrose,  Colo. 
Nashville,  Tenn. 
New  Haven,  Conn. 
North  Piatt,  Ncbr. 
Norfolk,  Va. 
Oklahoma  City,  Okla. 


Palestine,  Tex. 

Port  Angeles,  Wash.  . 

Portland,  Me. 

Pueblo,  Colo. 

Rapid  City,  S.  Dak. 

Red  Wing,  Minn. 

Red  Bluff,  Cal. 

Roseburg,  Oregon. 

Savannah,  Ga. 

Santa  Fe  N.  Mex. 

San  Diego,  Cal. 

Sault  de  Ste.  Marie,  Mich. 

San  Francisco,  Cal. 

Springfield,  Mo. 

Sioux  City,  Iowa. 

Spokane  Falls,  Wash. 

Tampa,  Fla. 

Titusvile,  Fla. 

Valentine,  Nebr. 

Vineyard  Haven,  Mass. 

Walla  Walla,  Wash. 

Wichita,  Kans. 

Winnemucca,  Nov. 


RECEIPTS  AND  SHIPMENTS. 


The  consolidation  of  the  duties  of  the  property  clerk  with  those  of  the  storc- 
keex>er  has  resulted  in  a  great  improvement  in  the  methods  followed  in  this 
branch  of  the  work  of  the  division,  enabling  a  better  record  to  bo  kept  and  a 
more  expeditious  handling  of  a  large  volume  of  business  connected  with  the  issue 
of  property  than  was  formerly  the  case. 

In  the  packing  and  shipping  room  15,049  distinct  shipments  have  been  made 
through  the  quartermaster's  department  by  mail  and  by  express,  and  2,191  con- 
rignments  received. 

There  were  58  requisitions  I'emaining  unfilled  at  the  close  of  the  fiscal  year. 

INVENTORIES  OF  PROPERTY. 

Inventories  of  property  ha\e  been  taken  scvei-al  times  dm*ing  the  year  in  order 
to  verify  by  actual  count  the  semiannual  returns  of  property  required  by  the 
regulations  to  be  rendered.  In  addition  to  these  inventories,  the  ''Board  on 
Separation  of  Property-'  requested  that  an  inventory  of  property  be  taken  on 
May  1,  1801,  in  oraer  to  enable  the  Board  to  make  the  report  setting  forth  the 

Quantities  and  kinds  of  property  more  suitable  for  the  work  of  the  Weather 
Kureau,  and  not  necessary  for  the  uso  of  the  Signal  Corps,  and  what  part  of 
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said  property  would  be  suitable  and  necessary  for  the  Signal  Corps,  as  required 
by  section  10  of  the  act  approved  October  1,  1890.  In  view  of  the  limited  force 
in  the  division  it  became  necessary  to  request  the  temporary  assignment  of  two 
clerks  to  assist  in  making  this  latter  inventory,  which  was  begun  on  May  1, 1891, 
and  finished  on  May  5, 1891. 

While  the  inventory  was  being  taken  it  was  considered  advisable  to  separate, 
as  far  as  possible,  the  different  classes  of  propertv,  placing  together  all  that  per- 
tained to  military  telegraph  lines  and  that  which  pertained  to  military  slffnid- 
ing,  so  that  in  the  transfer  of  the  property  as  little  delay  as  possible  would  be 
experienced  in  handling  it.  The  property  at  this  office  is  now  so  arranged  that 
very  little,  if  any,  difficulty  will  be  experienced  in  separating  it  into  its  dif- 
ferent classes  as  required  by  the  section  referred  to. 

PROPERTY  ACCOUNTABILITY. 

Under  the  act  of  Congress  approved  October  12, 1888,  regulations,  approved 
by  the  honorable  the  Secretary  of  War,  were  promulgated  for  the  care  of,  pres- 
ervation of,  and  accountability  for,  all  Signal  Service  property.  As  the  act  of 
October  12, 1888,  has  not  been  modified  or  repealed  by  any  subsequent  legislation, 
it  is  assumed  that  it  still  remains  in  force  and  the  regulations  issued  thereunder 
(above  referred  to)  will  govern  so  far  as  the  property  relating  to  the  Weather 
Bureau  is  concerned,  until  modified  or  repealed  by  the  Secretary  of  Ac^riculture. 
Attention  is  invited  to  this  matter  at  this  time  in  view  of  the  fact  that  by  the 
transfer  of  the  Weather  Service  to  the  Department  of  Agriculture  the  status  of 
the  enlisted  men  of  the  Service  changed  on  July  1, 1891. 

SALES  OP  CONDEMNED  PROPERTY. 

The  following  statement  shows  the  amounts  received  from  sales  at  auction  of 
condemned  propertv,  the  dates  upon  which  sold,  and  the  stations  at  which  the 
sales  took  place.  The  several  amounts  received  wei*e  regularly  covered  into  the 
Treasury  of  the  United  States,  as  i-equired  by  law: 


Date. 


Station. 


Articles. 


1890. 

Nov.  1  I 

Nov.  10 

Oct.  23 

Nov.  21 

Nov.  22 

Oct.  U 

Nov.  29 

Oct.  4 

Dec.  12 

Dec.  17 

Dec.  19 

Dec.  <> 

Dec.  15 

Dec.  23 

1891. 

Jan.  13 

Jan.  31 

Feb.  5 

Feb.  10 

Feb.  6 

Mar.  30 

Apr.  20 

May  6 

May  20 

Juno  11 

May  30 

Juno  4 

May  4 

May  13 

June  2.*) 


Bois6  City,  Idaho 

Dubuque,  Iowa 

Whipple  Barracks.  Ariz. 

Des  Moines,  Iowa 

Keokuk,  Iowa 

Fort  Gibson,  Ind.  T 

Davenport,  Iowa 

Fort  Elliott,  Tex 

Memphis,  Tenn 

Galveston,  Tex 

Chattanooga,  Tenn 

Colorado  Springs,  Colo  . . 

Lava,  N.  Mex 

St.  Vincent,  Minn 


.1 


Office  furniture,  stove,  etc. 

Wind  vane 

Sundry  articles 

Office  furniture 

do 

Wii*e 

Gas  fixtures 

Line  material,  tools,  etc  . . . 

Office  furniture 

do 

Stove 

Office  furniture 

Stove 

Office  furniture 


Springfield,  Mo ■;  Stove 

Liexington,  Ky Office  furniture,  flagstaff  . 

Rochester,  N.  Y Office  furniture , 

La  Crosse,  Wis 1 do 

Oswego,  N.  Y I do 

Charlotte,  N.  C ' do 


Dodge  City,  Kans 

Corpus  Christi,  Tex 

Augusta,  Ga 

Palestine.  Tex 

Vancouver  Barracks,  Wash. . 

Marquette ,  Mich 

Nashville,  Tenn 

Lynchburg.  Va 

Office  of  Chief  Signal  Officer. 

Total 


Letterpress 

Office  furniture 

do 

do 

Field  glasses  and  telescopes. 

Office  furniture 

Chairs 

Office  furniture 

Condemned  property 


Amount. 


$8.7o 

.30 

79. 15 

No  bid. 

.25 

10.00 

No  bid. 

4.50 

7.25 

25.25 

1.2:i 

5.00 

4.50 

3L60 

1.00 
2.05 
6.70 
2.00 
4.00 
2.25 
.50 

Nobid. 

6.85 

2.00 

11.50 

7.50 

Nobid. 
6.88 
96.75 

326.77 
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TELEGRAPH  LINES  SOLD. 

The  number  of  miles  of  abandoned  teleg^raph  lines  sold  at  auction  durins:  the 
year  is  37 ;  the  amount  received  for  the  same  is  $31.25,  which  was  properly  de- 
posited in  the  Treasury,  as  required  by  the  regulations. 

The  lines  sold  are  as  follows : 


Date. 

From— 

To- 

Miles. 

Amount. 

1890. 
July  21. 
Dec.  22. 

1891. 
Apr.  15- 
May20. 

Fort  Bridger ,  Wyo 

Fort  Totten,  N.  Dak 

Fort  Lowell,  N.  Mex 

Fort  Union,  N.  Mex 

Carter,  Wyo 

Oberon,  N.  Dak... 

Tucson,  Ariz 

Watrous,  N.  Mex  _ 

10 
11 

7 
9 

-  -  / 

S5.25 
25.00 

Abandoned 
1.00 

37 

31.25 

ACCOUNTS  SETTLED. 

The  number  of  accounts,  including  those  for  the  pay  and  commutations  due 
the  enlisted  force,  required  in  the  disbursement  of  the  various  appropriations 
under  the  control  of  this  office  and  settled  during  the  year  is  9,638,  distributed  as 
follows : 


Months. 


1890. 

July 

August 

September . 

October 

November  - . 
December  .. 

1891. 
January  


Bill 
book. 


484 
441 
347 
709 
429 
459 

714 


Commu- 
tation ac- 
counts, 
pay  book. 


326 
325 
323 
319 
313 
305 

294 


Months. 


February . 

March 

April 

May; 

June 

Total 


Bill 
book. 


529 
362 
742 
419 
423 


6,058 


Commu- 
tation ac- 
counts, 
pay  book. 


286 
284 
275 
270 
260 


3,580 


ACCOUNTS  UNSETTLED. 

On  June  30, 1891,  there  were  in  the  division  398  unsettled  accounts,  including 
46  which  had  been  returned  to  payees  for  correction,  etc.,  and  have  not  been 
received  back.  Of  the  353  accounts  remaining  in  the  division  41  were  bills 
of  the  Western  Union  Telegraph  Company,  which  could  not  be  disposed  of 
owing  to  demurrer  on  the  part  of  said  company  to  the  rates  fixed  by  the  Post- 
master-Oeneral  for  the  fiscal  year  ended  June  30, 1891,  and  311  were  held  for  cer- 
tain data  to  enable  a  proper  audit  to  be  made,  and  for  other  reasons  which  pre- 
vented them  from  being  put  in  course  of  settlement.  There  were  no  accounts  in 
the  diviBlon  on  June  30, 1891,  available  for  settlement. 

ACCOUNTS  OUTSTANDING. 

The  board  appointed  under  section  10  of  the  act  of  October  1,  1890,  to  report 
upon  the  dlyision  of  property  and  money  between  the  Signal  Corps  and  the 
Weather  Bureau,  recommended,  and  the  recommendation  was  approved  by  the 
Secretary  of  War,  that  all  debts  incurred  by  the  Signal  Service  prior  to  July  1 , 
1891,  and  remaining  outstanding  and  unpaid  on  that  date,  be  settled  by  the  dis- 
bursdng  oflBcer  of  the  Signal  Service  up  to  September  30, 1891 ;  including  accounts 
lor  transportation  there  were  about  2,000  such  accounts  outstanding  on  June  30, 
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PAYMENT  BY  CHECK. 

In  order  to  avoid  any  question  which  mig^ht  arise  as  to  the  fact  of  payment  of 
an  account,  the  system  has  been  followed  for  several  years  of  paying  all  accounts 
by  chccrks,  and  the  plan  has  proved  most  satisfactory.  Paragraph  734  of  the 
Army  lleg-ulations,  1889,  requires  that,  ''  When  disbursing  offioers  draw  checks  in 
paj^mont  of  accounts  on  funds  placed  to  their  credit,  they  will  note  upon  the  re- 
ceipt or  voucher  taken  for  such  payment,  which  will  be  of  even  date  with  the 
check,  the  number,  date,  and  amount  of  the  check  given  in  payment,  and  desig- 
nate the  assistant  treasurer  or  depository  upon  whom  it  is  drawn;"  this  require- 
ment, which  has  been  strictly  followed,  Tolesiaes  being  a  most  important  safeguard, 
enables  an  inspecting  officer  to  identify  without  doubt  and  without  loss  oi  time 
the  check  drawn  in  payment  of  any  account.  The  number  of  checks  drawn  dur- 
ing the  year  in  the  payment  of  accounts  is  9,203,  of  which  number  3,580  were  re- 
quired to  pay  amounts  due  the  enlisted  force;  and  it  is  worthy  of  note,  as  indi- 
cating the  security  of  the  method,  that  during  the  year  out  of  this  large  number 
of  checks  only  4  have  been  lost  in  transit. 

INSPECTION  OF  MONEY  ACCOUNTS. 

My  money  accoimts  have  been  inspected  and  the  balances  verified  by  the  In- 
spector-GeneraPs  Department,  as  follows:  November  29, 1890,  by  Joseph  P.  San- 
ger, major  and  insiKJctor-general. 

SUSPENSION  OF  MONEY  ACCOUNTS. 

Several  difference  sheets,  referring  to  my  accounts,  were  received  during  the 
year.  Replies  have  been  made  covering  all  accounts  suspended  up  to  date  1^  the 
Third  Auditor;  also  all  accounts  suspended  up  to  Decemoer  31, 1889,  by  the  Sec- 
ond Auditor. 

The  difference  sheet  received  from  the  Second  Auditor,  embracing  the  period 
from  January  1, 1890,  to  December  31, 1890,  inclusive,  has  not  yet  been  answered, 
as  certain  information  needed,  upon  which  the  answer  depended,  had  to  be  called 
for  and  has  not  as  yet  been  furnished ;  it  is  expected  that  answer  will  be  com- 
pleted, however,  within  a  very  few  days. 

SALES  OF  PUBLICATIONS. 

Three  hundred  and  fifty-nine  dollars  and  eighty-seven  cents  have  been  received 
during  the  year  from  the  sale  of  maps  and  bulletins,  as  allowed  by  the  act  of  Con- 
gress approved  March  30,  1874  (section  227,  Revised  Statutes).  The  amount  was 
deposited  with  the  Treasurer  of  the  United  States  to  the  credit  of  the  appropri- 
ation ''Observation  and  Report  of  Storms,"  for  the  then  current  fiscal  year. 

ALLOTMENTS  FOR  CONTINGENT  E3tPENSES  AND  STATIONERY. 

Contingent  expenses :  In  submitting  the  estimates  for  the  fiscal  year  ended 
June  30,  1891,  the  item  of  contingent  expenses  for  this  Bureau  was  separately  es- 
timated for,  aggregating  the  sum  of  $10,487.50.  excluding  the  sum  ox  99,585  for 
heating  apparatus  and  for  repairs  to  buildings  and  preservation  of  grounds. 

Chief  Engineer  Williamson,  the  sui)erintendent  of  the  State,  War,  and  Navy 
Department  buildings,  and  the  superintendent  of  the  Signal  Office  buildings,  had 
reported  that  there  would  be  required  for  the  fiscal  year  ended  June  30, 1881, 
for  fuel,  $1,100 ;  gas.  $37o.  and  repairs  and  miscellaneous  items,  $050.  The  Seo- 
rotary  of  War  was  therefore  asked  to  give  such  orders  in  the  allotment  of  the 
appropriations  as  would  insure  an  equitable  distribution  of  the  same  amone  the 
various  Bureaus,  taking  into  consideration  the  exceptional  items  of  fuel,  light, 
and  roi)airs  for  Bureaus  unprovided  for  by  special  appropriation. 

The  amount  allotted  to  this  Bureau  under  the  circular  of  July  12, 1890,  was 
only  $6,570.  It  therefore  became  necessary  to  use  the  utmost  economy  to  avoid 
creating  a  deficiencv  in  this  item. 

Stationery :  In  submitting  the  estimates  for  the  fiscal  year  ended  June  30, 1881, 
the  item  of  stationerv  for  this  Bureau  aggregated  the  sum  of  $6,250.  The  sum 
allotted  by  the  circular  of  July  12,  1890,  was  $3,200,  not  including  the  10  per  oent 
reserve  fund. 

The  amount  allotted  by  the  Secretary  of  War  under  this  item  for  the  fiscal 


REPORT   OP  THE   CHIEF   SIGNAL   OFFICER.  423 

year  ended  Jiino  30,  18iH),  was  $8,500,  which  sum  was  found  to  be  absolutely  in- 
adequate to  supply  the  needs  of  the  Bureau  for  the  proper  transiiction  of  public 
business,  and  the  Chief  Signal  OtUcer  has  been  forced,  in  order  that  the  public 
business  mitrht  not  suffer,  to  resort  to  many  shifts  and  expedients  not  allowed 
by  law  but  required,  under  the  circumstances,  in  order  that  the  important  public 
interests  intrusted  to  his  care  might  not  be  embarrassed.  The  estimate  for  the 
fiscal  year  ended  June  30,  1891,  was  based  upon  the  actual  consumption  duriu;? 
the  year  e.nded  .Tune  30,  181H).  In  order  to  keep  within  the  amount  allotted,  it 
has  been  necessary  to  i)i'actice  tlie  ^reat^sst  economy. 

CONDITION  or  APPROPRIATIONS. 

One  of  the  methods  devised  and  successfully  followed  during  the  past  seven 
years,  has  Ixjcnthatof  keeping  an  exact  record  of  all  liabilities  incurred,  by  which 
it  has  been  possible  to  ascertain  at  once  the  status  of  any  of  the  appropriations 
disburs<3d  })y  the  office.  This  re<'ord  is  not  made  up  of  vague  and  uncertain 
approximations  and  estimates  as  to  outstanding  debts,  but  follows  a  regular 
system  by  which  no  account  is  incurred  without  the  exact  amount  involved  be- 
ing first  asirertained,  and  the  sum  necessary  to  pay  the  account  when  jiresenled 
is  set  aside  for  the  purpose,  and  a  formal  order  made  out,  thereby  avoiding  any 
possibility  of  creating  a  deficiency  or  involving  the  Government  in  any  contract 
for  a  future  payment  of  money  in  excess  of  the  appropriations  available ;  the 
record  has  Ijeen  of  incalculable  value  in  the  efficient  administration  of  the  work 
imposed  by  law  upon  the  Chief  Signal  Officer,  especially  so  in  the  item  of  trans- 
portation. 

In  addition  to  this  record  of  liabilities  incurred,  a  cash  ]K)ok,  as  requiiH3d  by 
pai*agraph  1319.  Army  Regulations  1889,  is  kept,  in  which  is  ent^jred,  accoi*ding 
to  appro])riations.  all  amounts  received  and  disbursed ;  the  date  thereof,  from 
whom  received,  or  to  whom  jjaid,  and  on  wliat  account.  Each  day  the  l^alances, 
as  shown  by  said  cash  book,  are  verified  by  comparison  with  the  check  book,  thus 
not  only  insuring  absolutt^  accurac^y  in  those  records  but  offering  the  greatest  pro- 
tection to  the  United  States  in  the  disbursement  of  the  several  appropriations. 

The  condition  of  the  appropriations  for  the  fiscal  year  ended  .Tune  30,  1891, 
with  the  expenditures  thereunder,  Imlani'es,  and  probable  demands  on  such  bal- 
ances, report  of  whicrh  is  required  to  be  rendered  by  the  act  of  Congress,  ajj- 
proved  May  20, 1820.  is  as  follows: 

Appropriated: 

Clerks  and  messengers $1.^4,803.  70 

Printing  and  binding 10,000.00 

Postage  stamps  (allotted  bv  Secivtarv  of  War) ")f)0. 49 

Stationery  (allotted  by  Secretary  of  War) 3, 200.00 

Contingent  expenses  (allotted  by  Secretary  of  War) H,  570. 00 

SignalServiceof  the  Army.. 1 10,020.70 

Oljservation  and  report  of  st4)rms  * 248,  .'>4o.  9S 

Signal  Service  pay,  etc. t 429,280.84 

Signal  Service,  regular  rtuj)pliL*s 4, 893. 79 

Signal  Servi(;e,  incidental  expenses 17.').  00 

Signal  Service,  transportation 1 7, 0<jO.  00 

Signal  Service,  med ical  departnien t  ,  _ 2,  OOi).  00 

Total  amount  appropriated 887,  G80. 50 

Expended: 

Clerks  and  mos-sengors ^ .  1 52, 820. 88 

Printingand  binding _._ •  1o,(hm).00 

Postage  stamps  (allott^id  bv  Secretary  of  War) ^  492.  (M) 

Stationery  (allott^*d  by  Secretary  of  War ) 3, 200. 00 

Contingent  expenses  (allotted  by  Secretary  of  War) <».  •'»''^- ^^^ 

Signal  Service  of  the  Army '. [ <».  391. 75 

O^rvation  and  report  of  storms _  1 1 3. 1 1>7. 59 

Signal  Service  pay,  etc _ "..." :it)2, 734.97 

Signal  Service,  regular  su])plies 2. 385. 42 

Signal  Servict;.  incidental  expenses 11(5.75 

Signal  Service,  transportation 111^'.".. TI...  «.t>22,f>l 

Signal  Service,  medical  department ' 2, 246. 8*5 

•  This  Incluae-i  «l .710  d«flrien«n'  appropriation,  al-to  fi.iso.w  d.7.1urti'd  an* I  inad«»    availaW**  for 
"fim  at  offlceH."  under  Signal  Service  resfular  supplies,  for  ilic  firHl  sixty  da  ys  of  |J»e  llscai  year, 
t  Tlili  Includes  a  dettciency  appropriation  of  KH,tfi3.?7. 
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Balances : 

Clerks  and  messengers $2,072.82 

Postage  stamps  (allotted  by  Secretary  of  War ) 8. 49 

Signal  Service  of  the  Army  A 3.628.95 

OlServation  and  report  of  storms 135,378.39 

Signal  Service,  pay,  etc 66,545.87 

Signal  Service,  regular  supplies 2,508.37 

Signal  Service,  incidental  expenses 68.25 

Signal  Service,  transportation _ 8. 377. 39 

Signal  Service,  medical  department 353. 14 

Probable  demands : 

Signal  Service  of  the  Army 3,504.33 

Observation  and  report  of  storms 116,431.92 

Signal  Service,  pay,  etc 66.545.87 

Signal  Service,  regular  supplies : 1,027,51 

Signal  Service,  incidental  expenses 35.97 

Signal  Service,  transportation 8, 180.83 

Signal  Service,  medical  department- .  _• 19. 85 

CIVILIANS  EMPLOYED  IN  LIEU  OF  ENLISTED  MEN 

The  following  list  shows  the  names  of  civilians  and  the  compensation  paid  to 
each  employed  during  the  year,  under  the  provision  in  section  8  of  the  act  of 
Congress  approved  October  1 ,  1890,  (Public— No.  352) :  * '  That  any  vacancy  exist- 
ing or  hereafter  occurring  in  that  jjortion  of  the  force  of  the  Signal  Corps  en- 
gaged in  said  (meteorological)  duties  may  b?  tilled  by  a  civilian  at  a  salarv  not 
exceeding  that  now  paid  for  the  same  class  of  work  in  the  State  or  Territory 
where  the  service  may  be  performed,  and  this  compensation  for  said  services 
shall  continue  until  July  first,  eighteen  himdred  and  ninety-one,  which  com- 
pensation may  be  paid  out  of  the  appropriation  for  the  present  enlisted  force." 


Names. 


Date  of 
employ- 
ment. 


Compen- 
sation. 


N.S.Eddy 

J.  n.  Sargent 

J.  R.  Frederick  . . . 

J.C.  Piercy 

A.  P.  Butler 

P.F.Lyons 

G.M.Gartrell  .... 

J.  M.  Sherier 

F.  B.  Proctor 

C.  H.  Richardson  . 

J.J.Gray 

W.W.Neifert.... 
Mary  E.  Crosby.. . 
J.  I.  Widmeyer  . . . 

J.H.Clery 

.1.  P.  Roche 

W.W.Dent 

P.  E.  Seegelken  .. 

Geo.  Roeder 

R.  McKean  Barry 

H.W.Ford 

L.  M.  Burkholder 

E.C.Vose  ._ 

H.Schneider 

C.  F.  Schneader  .., 


W.E.Butler t 

H.R.  Patrick 

R.  M.  Crawford 

H.L.Ball 


1890.' 
Oct.  5 
Nov.  1 
Nov.  1 
Oct.  14 
Nov.  1 
Oct.  29 
Nov.  2 
Nov.  2 
Nov.  1 
Nov.  1 
Nov.  20 
Nov.  21 
Dec.  1 
Dec.  4 
Dec.  4 
Dec.  9 
Dec.  14 
Dec.  15 
Dec.  16 
Dec.  15 
Dec.  21 
Dec.  19 
Dec.  22 
Dec.  23 
Dec.   28 

1891. 
Jan.     2 
Jan.     5 
.Tan.     8 
Jan.   15 


$70.00 
70.00 
60.00 
90.00 
55.00 
90.00 
75.00 
70.00 
60.00 
60.00 
80.00 
65.00 
60.00 
65.00 
85.00 
50.00 
85.00 
65.00 
80.00 
35.00 
70.00 
55.00 
8a  00 

7a  00 

65.00 

65.00 
65.00 
9a  00 

75.00 
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Names. 


Date  of 
employ- 
ment. 


H.  Grouoher 

H.  W.  Richardson 

W.T.Blythe 

RPeten* 

Geo.  N.  Lysight 

Paul  Sanguine tti.... 
Thomas  Callahan. . . . 

Geo.  E.  Grimes 

T.J.  Flavin 

T.  F.  Townsend 

M.  L.  Hearne 

P.  Connor 

R.  McKean  Barry . . . 

M.  Mahaney 

J.  Sullivan 

J.  W.  Fraber 

G.Allen 

H.B.Dick 

W.  J.  Wambaugh... 
Samuel  A.  .Williams. 

G.  M.  Chappel 

F.  Newman 

A.  J.  Davis 

Robert.!.  Bain 

F.  T.Wmiams 

Peter  P.  Porter 

James  H.  Dutton 

G.  H.Penrod 

L.  H.Murdoch 

H.  B.  Boyer 

R.  O.  Lazenby 

W.  L.  Moore 

H.McP.  Baldwin..., 
Mrs.  M.  E.  Conway,, 

E.  B.  Dunn , 

J.  H.  Robinson 

John  Robinson 


1891 
Jan. 
Jan. 
Jan. 
Jan. 
Feb. 
Mar. 
Feb. 
Mar. 
Apr. 
Mar. 
Mar- 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Apr. 
Apr, 
May 
June 
May 
May 
May 
May 
May 
May 
June 
June 
June 
June 
June 
June 


15 
19 
15 
26 
16 
1 

27 

21 

1 

1 

4 

4 

26 

12 

12 

12 

17 

18 

20 

15 

30 

19 

20 

16 

11 

16 

18 

7 

21 
25 
27 
11 
3 

10 

11 

19 

1 


Compen- 
sation. 


1 


865.00 
65.00 
70.00 
75.00 
60.00 
60.00 
55.00 
60.00 
70.00 
100.00 
100.00 
90.00 
65.00 
55-00 
50.00 
70.00 
80.00 
60.00 
65.00 
♦2.00 
85.00 
100.00 
85.00 
50.00 
90.00 
50.00 
50.00 
90.00 
50.00 
100.00 
65.00 
92.50 
70.00 
60.00 
110.00 
115.00 
75.00 


Per  day. 


CARPENTER  SHOP. 

In  the  carpenter  shop  the  usual  quantity  of  work  has  been  done,  consisting  of 
Jobbing  and  repairs  about  the  office^  and  tne  two  men  employed  have  been  busily 
engaged  during  the  entire  year. 

SUPERINTENDENCE  OF  BUILDINGS. 

Chief  Engineer  Thom  Williamson,  U.  S.  Navy,  superintendent  of  the  State, 
War,  and  Navy  Department  buildings,  has  continued  in  charge  of  the  supervision 
of  the  buildings  and  grounds  at  the  cornci*  of  Twenty-fourth  and  M  streets,  at 
which  the  Signal  Office  is  located,  and  tlie  ofTicient  services  rendered  by  him  in 
oonnection  with  the  matter  are  fully  appreciatod.  In  view  of  the  transfer  of  the 
buildings  to  the  Department  of  Agriculture  on  July  1, 1891,  he  was  relieved  of  the 
duty  by  order  of  the  Secretary  of  War  on  June  1,  1891. 

CONDITION  OP  TWENTY-FOURTH  STREET. 

Notwithstanding  the  fact  that  effort  was  made  to  have  the  District  Commis- 
■kniers  put  in  proper  condition  Twenty-fourth  street,  between  Pennsylvania  ave* 
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nue  and  M  street,  said  sti-eet  is  still  in  very  bad  order,  and  some  action  should 
be  taken  to  have  it  concreted,  as  the  street  is  much  traveled  by  public  and  pri- 
vate vehicles. 

TRANSFER  TO  THK  DEPARTMENT  OF  AGRICULTURE. 

By  the  oj>eration  of  the  '*  Act  making  appropriations  for  the  Weather  Bureau  for 
the  ficsal  year  ending  June  30. 1S92,"  that  part  of  the  work  of  the  division  which 
includes  the  preparation  and  settlement  of  money  accoimts  will  be  performed 
under  the  immediate  direction  of  the  disbursing  clei*k  of  the  Department  of 
Agriculture.  The  force  at  present  engaged  upon  this  branch  of  the  work  con- 
sists of  3  clerks  of  class  1,  and  1  clerk  at  $1,000.  One  of  the  clerks  at  $1,200  is 
the  check  clerk,  and  another  the  bill-book  clerk. 

SYSTEM  OF  nOOKKEEPING. 

The  system  of  bookkeeping  practiced  in  the  division  for  the  past  seven  years 
is  original  with  this  office,  it  having  been  devised  ))y  the  chief  clerk  of  theuivis- 
ion.  The  system,  as  devised,  having  been  approved  by  the  Chief  Signal  Officer, 
has  been  closely  followed,  with  the  result  that  every  requirement  of  an  exact  and, 
at  the  same  time,  labor-saving  record  has  been  secured. 

One  of  the  features  since  incorporated  in  the  system  has  been  the  use  of  a  bill- 
book,  which  was  adopted  with  a  view  of  curtailing  the  work  of  recording  in  the 
letter  series  (as  had  been  previously  done)  the  large  number  of  accounts  received. 
The  book  contains  a  record  of  every  account  received,  showing  (by  means  of  prop- 
erly ruled  and  headed  columns)  the  serial  number,  the  date  of  receipt,  the  name 
of  creditor,  the  station  at  which  incurred,  thenatui'e  of  the  account,  the  amount, 
the  appropriation  out  of  which  pa^'able,  to  whom  and  when  sent  for  audit,  when 
returned,  date  vouchers  sent  for  signature,  date  of  return,  and  description  of  the 
check  drawn  in  payment,  so  that  there  is  presented  a  graphic  trace  of  the  succes- 
sive steps  tlirough  which  every  account  passes  from  its  receipt  to  its  pa^nnent. 
The  serial  numbers  of  accounts  have  been  consecutive  since  the  book  was  opened 
in  Januarv,  1888,  and  shows  that  there  have  been  received  from  that  date  to  June 
30, 1891,  if2,928  accounts,  being  an  average  of  540  per  month,  not  including  the 
monthly  pay  accounts  of  the  32(»  enlisted  men  of  the  Signal  Corps,  which  are  not 
entered  m  the  bill-]x)ok,  and  which  would  increase  the  average  to  866  accounts 
per  month. 

PUBLICATIONS  BRANCH. 

The  following  is  a  summary  of  the  work  performed  in  the  publications  branch  , 
during  the  fiscal  year  ended  June  .30,  1891: 

From  July  1,  1890,  to  June  13,  1891,  the  publications  division  was  02>erated  as 
an  independent  division,  being  at  dilTerent  times,  during  that  period,  in  charge 
of  First  Lieut,  K.  E.  Thompson,  Capt.  Ilobert  Craig,  Capt.  James  Allen,  Second 
Lieut.  B.  M.  Purssell,  Capt.  Charles  E.  Kilbourne,  and  Second  Lieut.  James 
Mitchell.  Under  instructions  No.  13,  dated  Signal  Office,  War  Department, 
Washington  City,  June  13, 1891,  the  publications  division  was  attached  as  a  sub- 
division of  the  supply  and  miscellaneous  division. 

The  work  of  the  publications  division,  including  the  correspondence ,  has  been 
carried  on  during  the  year  with  that  precision  that  has  charactorizod  It  in  the 
past.  The  improvements  inaugurated  to  facilitate  the  distribution  of  the  publi- 
cations of  the  Service,  referred  to  in  the  last  annual  report,  have  not  only  con- 
tinued to  give  entire  satisfaction,  but  have  fully  demonstrated  the  wisdom  of 
their  adoption. 

The  current  work  has  been  promptly  and  efficiently  i>erformed,  besides  being 
kept  up  to  the  usual  standard  of  excellence.  In  addition  thereto,  a  large  amount 
of  special  printing,  consisting  largely  of  back  data,  has  been  executed. 

Tlic  annual  report  of  the  Chief  Signal  Officer  for  the  fiscal  vear  ended  June 
30,  1890,  has  been  i-eceived  fi*om  the  Public  Printer,  and  distributed  to  the 
regular  and  voluntary  observers  of  the  Service,  and  the  foreign  and  domestic 
libraries. 

The  number  of  requisitions  made  on  the  Public  Printer  for  printing  and  bind- 
ing for  the  Service  during  the  fiscal  yeal,  is  101,  all  of  which,  with  few  excep- 
tions, have  been  complet«}tl. 

No  material  change  has  been  made  in  the  personnel  during  the  year. 
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'he  followinji:  statement  shows  the  number  of  letters  received  and  sent,  relat- 
to  the  publications  of  the  office,  and  the  title  and  number  of  publications  dls- 
3uted : 

Xevs  received 2,573 

ti^rs  sent ^?^?* 

cular  letters  sent —  676 

nual  i*eports  distributed 5,072 

vance  i*eport3  distributed 1,400 

>f esslonal  Paj)er8  d  istributed 427 

nal  Service  Notes  distributed ^ 309 

md  Monthly  Weather  Reviews 346 

nthly  Weather  Reviews 30,000 

and  Signal  Service  Notes  -, 48 

and  Professional  Papers 14 

and  daily  international  charts 10 

jnd  dailv  weather  maps 20 

mate  of  Nebraska,  Washington,  and  Rainfall  on  the  Pacific  Slope  and 

he  Western  States  and  Territories  for  from  two  to  forty  vears 579 

ges  of  the  Ohio  Rivers  and  Principal  Tributaries,  1857-1889 32 

ges  of  the  Mississippi  River  and  of  its  Principal  Tributaries,  except 

beOhio  River,  1860-1889 46 

ges  of  Water  at  Miscellaneous  River  Stations  in  Califoraia,  Oregon, 

nd  North  Carolina,  1875-1889 28 

3tic  Publications 165 

an  Temperatures  and  Their  C 'orrec  tions  in  the  United  States  (Charts) .  300 
arts  showing  the  isobars,  isotherms,  and  winds  in  the  United  States 

3r  each  month  from  January,  1871,  to  December,  1873 135 

biography  of  Meteroology,  Winds.  Part  iii 122 

.  m.  daily  weather  maps _ 110,783 

.  m.  daily  weather  maps _ 81,060 

ily  international  charts.  Julv  1.  1884.  to  December  .31.  1884 15,000 

)p  Bulletins    .-- _-... 10,450 

soellaneous  publications,  pamphlets,  etc.  (estimated) 11. 000 

nthly  Summary,  International _ 350 

'he  following  shows  the  quantity  (number  of  improssions)  of  printing  add 
lographing  iierformed  during  the  year : 

Printing, 

)p  Bulletins 10,450 

'culars 2,290 

velopes 22,550 

[•ms. 168,435 

neraland  Special  Ordera 17.5tK) 

tters 26,910 

tter  heads 53,880 

nthly  Weather  Review 278,675 

•nthly  Summary 11, 750 

scellWieous. 85,000 

rappers 85,000 

Total 802,500 

Lithogiv  piling. 

semapa 299,047 

ily  (8  a.  m.  and  8  j>.  m.)  weather  charts 191, 84() 

awings  and  specifications 1.  ,325 

rms  and  circulars 97, 015 

tnthly  Weather  Review  charts 99, 753 

scellaneous  charts .34, 665 

jathor  Crop  Bulletin 16,373 

Total 740,024 

Very  respectfully, 

ROB'T  Craig, 
Captain  Signal  Corps,  Disbursing  Officer. 
?HS  Chxsf  Signal  Offioeti, 

Washmgton,  D.  C. 
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APPENDIX  13. 

PBEFACE. 

These  tables  contain  meteorological  data  for  the  year  ending  December  31, 1890. 
Observations  have  been  made  at  S  a.  m.  and  8  p.  m.,  seventv-fifth  meridian  time 
(which  standard  time  is  always  understood  unless  otherwise  stated),  and  with 
standard  instruments  in  all  cases. 

E^h  station  is  yearly  inspected,  at  least  once  and  the  barometers  compared 
with  an  instrument  previously  tested  with  the  standard  at  th«  Washington 
office.  Comparative  barometer  readings  are  also  made  of  the  two  or  more  barom- 
eters at  the  several  stations  at  the  end  of  each  month,  and  forwai*dod  to  the  cen- 
tral office  for  examination. 

The  thermometers  sent  to  the  stations  are  first  carefully  tested  within  the 
range  of  temperature  which  obtains  at  each  station  and  while  in  use  frequent 
comparisons  are  made  between  the  readings  of  the  dry,  and  wet,  dry  and  maxi- 
mum, etc.  The  remaining  instruments  are  likewise  of  standard  ma*ke,  and  are 
verified  from  time  to  time,  r  ^ 

The  followinp^  explanation  is  given  as  to  the  several  columns,  the  headings  of 
which  do  not  show  clearly  the  method  of  obtaining  the  data  entered  therein. 

PRESSURE. 

'  The  mean  pressure  is  the  average  of  readings  at  8  a.  m.  and  8  p.  m.;  the  range 
is  the  difference  between  the  highest  and  lowest  individual  readings  for  the 
month. 

TEMPERATURE. 

The  extremes  of  temperature  are,  as  near  as  can  be  obtained,  for  the  civil  day, 
midnight  to  midnight.  The  self -registering  thermometers  are  read  at  both  OD- 
servations,  8  a.  m.  and  8  p.  m. ;  the  maximum  thermometer  is  set  at  8  a.  m.  only ; 
the  minimum  thermometer  is  set  at  8  p.  m.  only.  In  cases  of  doubt  as  to  the 
conditions  which  obtained  at  midnight,  the  self-recording  thermographs  ai^e 
consulted  at  all  stations  equipped  with  such  instruments. 

The  daily  mean  is  obtainoa  by  taking  the  sum  of  the  maximum  and  the  mini- 
mum temperature  and  dividing  by  two  (2). 

CLOUDS. 

The  mean  cloudiness  is  determined  from  frequent  eye  observations  during  the 
day. 

WIND. 

All  wind  velocities  are  for  five-minute  periods.  The  prevailing  direction  is 
obtained  from  eye  observations  at  8  a.  m.  and  8  p.  m.,  as  entered  in  the  columns 
"North,"  "Northeast,"  etc. 

NUMBER  OF  DAYS. 

A  cloudless  day  is  one  on  which  an  average  of  0  to  3  tenths  clouds  has  ob- 
tained ;  partly  cloudy,  4  to  7  tenths ;  cloudy,  S  to  10  tenths. 

A  rainy  day  is  one  on  which  .01  iucb  or  more  rain,  snow,  sleet,  or  bail  has 
fallen  from  8  p.  m.  to  8  p.  m. 
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Appropriate  hekdlnga  show  Ibe  iutUT«  Ot  the  data  contained  la  the  columnB  luunedlatelr 
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AmniAU  MlTEOROliOOKiAb  Summary  for  tos  Year  Endiho  Deoember  31, 
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ALPENA.  MICH. 
[Lat..45°6'N.:  lonB.,83''3 


(WlUlll). 

Temperature 

Dew- 

Ity,  " 

'Tffi!'*- 

^ 

^ 

« 

Mean. 

^ 

t 

3- 

1 

1 

£ 

S 

1 

.«5 

^ 

i 

E 

1 
S 

J 

a 

1 

i 

a 

i 

1 

s 
s 

a 

: 

; 

<i 

a 

A 

1 

i 

1 

IBM 

Fk 

l« 

AS- 

Dec  ... 

Sb 

^.0 

38.  U 

u 

a= 

MeuB 

».M 

.97 

«.o 

13.A 

4S.2 

ft 

-la 

4&» 

5B.5 

3i 

W 

« 

78 

tl.S   .. 

... 

.7.0 

ASTORIA,  OREG. 

[Lilt.,  WS!'N.[  lonit.,  la'W.] 


.1 

35,4 
SB.B 

Ii 

1 

Tfl 
64 

1 

asi 

U4R 

»«' 

" 

S 

l! 

W.l 
6aH 

M 

Sc':::: 

■ 



.■B     -4.(1     43.4    ....1.... 
W     51.7  14(10;....!.... 

:::;: 

ATLANTA,  GA. 

[Lat.  SS°4S'N.:  lon(t.,  W^Sy  W.J 


■^in 

v'ar^  >.■'  7 

liol    75 

■•:    wu 

,fll   .„ 

14 

"(TTi 

.. 

Dee  .... 

15.4  1     71 

ta 

Means.. 

aw 

.61      K.2'K.U 

"-"1     " 

17|T[.7|.^(.a|81 

ea 

80 

07 

<3.» 

__^ 

5.1 

BEPOBT   OF  THE   CHIEF  SIGNAL  OFFICEE. 


AtPENA,  MICH. 


w.. 

Number  of  doi'E— 

i 

I 

s 

1 

1 

1 
i 

1 

1 

1 

1 

i 

1 

1 

i 

i 
a 

1 
1 

t 

J 

1 

, 

■u 

I 

Si' 

1 
1 

i 

1 
1 

i 

< 

ift 

Dec... 

10.* 

W- 

It 

3 

i 

Ji 

11 

11 

1 

V 

la 

Iv 

111 

JB 

UcaoE. 

ft* 

w. 

M 

" 

« 

no 

« 

«.« 

isa  js 

» 

'" 

isa 

IBS 

" 

IW 

0 

IB 

' 

ASTORIA,  OREQ, 

(ff:z98.     T=3t.    A=E6J.] 


i: 

Mill 

1  n 

13 

sa 

IB 

i 
ii 

22 

4) 
172 

a 

4> 

8 

4 

0 
0 

IE 

0 

0 
0 

4 

8 

0 

33 

0 
« 

8 

i 

0 

a 

0 

s 

0 

0 

Mar .... 

-] 

^ 

s 

W, 

iS 

dSJ"" 

0 

111 

1 

ATLANTA,  OA. 


T.        , 

.  .U 

.'  is'n 

in 

1"      LI 

n'rt 

», -■ 

D«  ,... 

10.0 

1    as    1 

lajio 

0 

&1 

1 

"'rr,"]"--;' 

■" 

"r 

' 

9 

1 

BBPOBT  OF  THE  CUEF  BlQNAL  OFFICER. 


ATLANTIC  CITY, ».  J. 
[Lat„  W  «r  K.i  long-.M'SS'  W.l 


(KWW), 

Temperature. 

Dew 
point 

ReisllTo 

FrecIplU- 

ilon. 

s 

•d 

Meau. 

1 
1 

1 
g 

3 

i 

S 

! 

i 

H 

s 

■ 

•> 

. 

1 

3 
S 

1 

1 

1 

1 

S. 

iwrv"- 

« 

sr- 

10 

» 

M 

l.H 

«.( 

""" 

M.IK 

11 

■" 

" 

e   U.1 

90 

>0 

£3.0 

«.* 

M 

47 

to 

at 

IT.  So 

4.1 

AUCIUSTA,  OA. 

|LLtt.,31'a'N.;  10ttK.,Sl*H'W.] 


.W 

Mrt 

Brt 

STi.  1 

» 

^ 

»-- 

M 

,7« 

Ml.  a 

aa,  1  1 » 

«4 

M 

.41 

4.0 

MeADfl 

» 

94 

,f.r 

«a 

1 

M.. 

iOi 

23 

78,  H 

5a,  1    M 

£6 

ij 

™ 

l«.W 



4.T 

BAKER  CrrV,  ORRGON. 


inrt 

,.. 

B1 

^ 

« 

-1 

«IT 

«" 

w 

IS      11,1 

Ifl 

a 

w 

ft! 

-rs 

Mvans  . 

w.4a 

tT 

1*. 

■^■^ 

46  4 

10. 

S1!,S 

M 

is 

w 

1 

,2.50 

44 

BEPOBT  OF  THE   CHIEF  SIGNAL  OFFICEB. 


439 


Annual  METBOBOLOGiCAii  Summary  for  the  Year  Ending  Deoembbr  31, 

1890— Continued. 
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REPORT  OP  THE  CHIEF  SWSAI-  OFFICER. 


BOia£  CITY,  IDAHO, 

[Lat.,«*jrN.[  long..  US' IS- W.] 
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Annual  Meteoroloqical  Summary  for  the  Year  Ending 
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Annual  Meteorological  Summary  for  the  Year  Ending  December  SI, 

1890— Continued. 


JACKSONVILLE.  FLA. 
[Lat,,  30«  SO*  N.;  long.,  8l«  39*  W.] 
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ANNUAL  Meteorological  Summary  for  the  Year  Ending  December  SI, 

1890— Continued. 

PORT  HURON,  MICH. 
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Annual  Meteorological  Summary  for  the  Year  Ending  DECEidBER  31, 

1890-- Continued. 
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Annual  Meteorological  Summary  for  the  Year  Ending  Decbbcbkb  XL, 

1890— Continued. 
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SADLT  DE  ST.  MABIB,  MICH. 
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aiOUZ  CTFT,  IOWA. 
[Lac,  «r  M-  N.l  long.,  M*«'.} 
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SPRINGPIBM),  MO. 
[Lat.. «•  Iff  N.;  long., («•  18'  W.] 
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Table  of  Maximum  and  Minimum  Temt^eeiatures  and  Annual  Range 
Service  Observers,  Voluntary  and  State  Weather  Service  Observ 
Meteorological  Society,  and  Operators  and  Agents  of  the  Pacific 


[Note.— Letters  of  the  alphabet  denote  number  of  days  mtsstnc 
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January. 

February. 

March. 

April. 

May. 

stations. 
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92 
88 

• 

a 
s 

o 

43 
47 
44 

46 
51 
46 
38 

Alabama : 

Auburn 

Bermuda' 

Butler 

CarroUton .. 

• 

ChenulteDec 

Gitronelle - 

84 
74 

26 
25 

83 
79 

33 
26 

84 
80 

22 
17 

88 
85 

48 
36 

Columbiana 

Decatur* 

Double  Springs 

}51kmont --- 

74 
76 

22 
17 

77 

~ "  * "  ~ 
24 

76 
75 

14 
17 

85 
81 

36 
31 

91 

34 

Eufaula . ..-- 

88 
91 

46 
>50 

Everfirreen - . 

■ 

Florence .- 

74 

18 

85 

41 

Fort  Deposit 

•91 
92 

•44 
58 

Gadsden .-- . . 

76 

27 

77 

18 

87 

43 

Good  water - 

Greensboro  _-... 

76 

31 

79 

77 
78 
82 

20 
22 
23 
20 

84 
85 

48 
32 

Guntersville 

87 
84 
87 
88 
88 
87 
89 
90 
86 
98 
95 
91 
88 
90 
85 
87 
90 

47 
40 
45 
42 
37 
54 
45 
45 
46 
4S 
43 
49 
45 
38 
55 
48 
38 

JasDer ........ 

LivinfiTston' . 

78 

27 

81 

31 

85 

44 

LivinfiTston^ .... 

Marion ........ 

Mobile 

77 
78 
81 

33 
29 
25 

76 
81 

82 

36 
30 
31 

78 
84 
82 
80 

25 
21 
20 
22 

84 
86 
86 

84 

48 
44 
42 
43 

Montgomery 

Mt.  Vernon  Barracks 
Mt.  Willing 

Ooelika 

1 

Pme  AddIo -.- 

1 

Sclma* 

"::::i::::: 

T"w*"mWft*    .  ,,  ^^. 

75 

23 

76 

19 

85      45 

Tuscumbia* 

1 

Union  Springs 

70 

20 

80 
86 

89 

48 
56 

98 

51 
45 
42 
36 

13 
15 

40 

■ 

Union  town 

Valley  Head 

Wiffcrins .. .. 

72 
81 

38 
40 

87 

22 
26 

4 

1 

20 

1 

76 

83 

38 
41 

93 

24 
33 

—  2 
1 

25 

74 
84 

46 
46 

89 

10 
20 

10 
16 

39 

Alaska: 

Juneau . . 

68 
71 

105 

38 

31 

48 

Killisnoo 

Arizona: 

Agua  Caliente 

Arizona  Canal   Co. 
Dam _ 

Ash  Springs 

Ban£rhart€  ..... 

69 

26 

60 
69 
75 

33 
18 
27 

"so" 

83 

38 
22 

r2 

38 

64 

Benson 

74 

27 

87 

42 

97 

62 

Bislxje 

CajJi  Grande 

Cooleys  Springs 

iU 

30       84 

40 

93 

44 

95 

45 

106      68 

1  Cotton  bell. 


•Prof.  J.  W.  A.  Wright. 
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OF  Temperature  fob  1890,  Compiled  from  Reports  of  Regular  Signal 
XR8,  United  States  Post  Surgeons,  Observers  of  the  New  England 
Railway  System. 

from  the  record;  thus,  "c**  Indicates  that  three  days  are  missing.] 


June. 

July. 

August. 

Septem- 
ber. 

October. 

* 

Novem- 
ber. 

Decem- 
ber. 

• 

• 

s 

• 

a 

• 

a 

• 

s 

B 

i 

S3 

i 

i 

1 

c 

i 

1 

• 

a 

1 

a 
a 

< 

0 

95 
96 

C 

62 
68 

c 

95 
97 

0 

67 
71 

o 

90 
90 

0 

64 
64 

0 

88 
89 

56 
56 

c 

84 
85 

0 

30 
36 

0 

78 
81 

0 

33 
30 

70 
76 

0 

28 
24 

0 

77 
76 

90 
80 
99 
98 
96 
96 
96 
96 
103 
97 
96 
99 
96 
96 
94 
94 
97 
98 
99 
97 
98 
101 
98 
*W 
100 
100 
97 
100 
95 
96 
96 

67 
63 
65 
62 
58 
62 
64 
56 

•61 
68 
66 
63 
70 
68 
55 
50 
64 
52 
59 
67 
66 
63 
66 

•64 
64 
65 
68 
62 
73 
65 
60 

91 
87 
98 
95 
100 

71 
68 
68 
62 
62 

87 
92 
96 
93 
94 
91 

63 
61 
62 
55 
50 
53 

84 

56 

.- 

95 
91 
94 

87 

53 
54 
50 
56 

93 

84 
85 
79 

37 
29 
26 

:«) 

85 
80 
.78 
68 

32 
25 
23 

28 

80 
69 

29 
22 

77 
81 

69 

21 

96 
100 

96 
100 

61 
66 
65 
68 

97 

94 

94 

"92 

58 

59 

20 

»59 

90 
93 
92 

54 
53 
50 

87 
87 
85 
89 

47 
34 
30 
38 

80 
81 

36 

28 

81 

30 

96 
94 
94 
94 
95 
95 
98 
96 
97 
98 
96 

105 
99 

100 

72 
72 
55 
68 
65 
67 
64 
69 
69 
64 
75 
64 
66 
69 

90 
92 

72 
64 

91 
90 

62 
54 

80 

32 

69 

28 

86 
89 
93 
97 
91 
92 
94 
93 
97 
95 
95 

56 
70 
57 
55 
65 
61 
60 
60 
58 
55 
58 

86 
87 
88 
92 
90 
91 
95 
88 
93 
97 
93 

55 
51 
52 
50 
54 
57 
49 
60 
52 
53 
56 

83 

84 
86 
87 
86 
88 
90 
84 
83 
86 
89 
85 
84 
86 
87 
85 

3r 

34 
.33 
30 
41 
37 

a5 

31 
30 
33 
,34 
34 
28 
43 

:^ 

24 

79 
81 
«80 
81 
81 
82 
85 

28 
29 
«27 
27 
36 
.33 
28 

69 
72 

25 
24 

"77 

76 
73 
78 
71 

31 
29 
23 
31 

72 

77 
81 

78 

29 

83 
74 

78 
78 
81 
82 

30 
29 
26 
39 
31 
23 

73 

23 

98 
94 
97 
97 

62 

72 
68 
61 

94 
92 
93 
92 

52 
70 
62 
50 

88 
97 
90 
90 

48 
52 
57 
50 

-  •  • 

71 
74 

68 

32 
28 
20 

•  •  • 

87 

77 
75 

42 
38 

74 
71 

42 
42 

70 
70 

43 
40 

65 
69 

36 
36 

59 
50 

30 

30 

60 
47 

30 
30 

45 
45 

10 
16 

81 
74 

107 

"'91' 

98 

84 

108 

85 

70 
68 
56 
70 
56 
74 
44 

105 

"87' 

90 

85 

108 

80 

66 
63 
51 
64 
54 
73 
40 

96 

45 

93 

39 

76 

37 

*"»5' 
98 
93 

106 

70 
40 
71 
55 
70 

( 

68 

78 
83 

100 
•71 

30 
46 
41 
55 
•24 

64 
80 
73 
98 

24 

28 
48 

74 

68 
70 

87 

22 
34 
32 
45 

95 
113 
»>92 

59 

76 

»»46 

83 
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Table  op  Maximum  and  Minimum  Temperatures  and 


January. 

February. 

Marah. 

April. 

May. 

Stations. 

i 

0 

• 

••.1 

s 

0 

i 

0 

• 

B 
0 

• 

0 

....  % 

• 
0 

• 

s 
0 

.a 
0 

• 

0 

ArizoniH-Continuod . 
Draff oon  Summit 

Eagle  Pass  (Curtis).. 
Florence 

""78" 
69 
71 
68 
68 
73 
73 
62 
86 
82 
74 
74 
71 
70 
68 

16 
25 
9 
8 
19 
18 
19 
19 
11 
20 
24 
26 
19 
17 
17 
34 

22 

"89" 
74 
74 

76 
77 
76 
76 

"'89' 
85 
85 
83 

"76' 
80 

24 
25 
11 
15 
21 
24 
20 
24 
23 
21 
29 
37 
22 
24 
24 
42 

""96" 

80 
80 
81 
82 
79 
79 
83 
94 
98 
98 
90 
86 
86 
90 

38 
43 
31 
30 
33 
32 
31 
31 
32 
39 
41 
40 
37 
35 
34 
52 

'ios' 
94 
93 

93 

92 

92 

95 

105 

108 

107 

103 

100 

99 

102 

53 
48 
36 
34 
52 
52 
50 
50 
47 
44 
45 
51 
44 
41 
42 
54 

Fort  Apache* 

Fort  Apache* 

Fort  Bowie* 

Fort  Bowie* 

80 
75 
72 
73 
74 
74 
64 
87 
89 
80 
80 

"75' 
66 

11 
11 

21 
20 
22 
22 
21 
21 
25 
30 
18 
19 
18 
34 

Fort  Grant* 

Fort  Grftnt* 

Fort  Huachuca 

Fort  Lowell - 

Fort  McDowell* 

Fort  Mojave 

Fort  Thomas *. . . 

Fort  Verde* 

Fort  Verde* 

Gila  Bend* 

Gila  Bend* 

Holbrook , 

66 
75 
83 
76 

23 
12 
37 
15 

74 

74 
83 
78 

""9' 
22 
34 
24 

81 
79 
97 

88 

13 
26 
43 
26 

81 

31 

92 

33 

Lochiel , 

Maricona - 

98 
92 
92 
95 
90 

»'90 
90 
94 

100 

52 
34 
38 
40 
38 
37 
40 
39 
58 

106 
<«99 
100 

64 

«47 

4.1 

Mount  Huachuca 

New  River... 

Pantano , 

.  78 
74 

78 

IK) 

72 

79 

27 

20 
16 
28 
25 
22 

78 
77 
88 
96 
79 
89 
73 
79 
63 

32 
20 
18 
30 
27 
22 
24 
26 
43 

a3 

82 
90 
90 
82 
90 

33 

26 
23 
35 
32 

48 

100  !   ^\ 

San  Carlos.. ,. 

103 

"ids" 

105 
110 

99 
105 

98 

41 
41 
55 
47 
68 
50 
50 
49 

San  Carlos .... 

San  Simon .. 

Sicnal 

Texas  Hill 

Tombstone 

Tucson* .... . . 

76 
70 

24 
35 

88 
84 

28 
40 

94 
96 

41 
41 

Tucson* 

Whipple  Barracks.. 

Whipple    Barracks 
(Presoott) 

63 
84 
78 
74 
80 

—3 
25 
18 
39 
30 

73 
82 
80 
90 
86 

9 

25 
15 
42 
36 

69 
84 
84 
85 
90 

20 
26 
21 
60 
44 

78 
85 
88 
91 
98 

28 
40 
30 
60 
46 

86 
101 
100 

98 
106 

88 
87 
89 

87 
92 

34 
50 
38 
65 
54 

40 
48 
52 
55 
44 

Wilcox* 

Wilcox* 

Yuma*  --, ---. 

Yuma* 

Arkansas : 

Briuklev 

Camden  ....... .. 

78 
78 
79 

24 

20 

8 

83 

82 

78 

19 
19 
20 

81 
81 

72 

41 
40 
42 

Conway .... 

77 

22 

Dallas  .-- 

Devalls  Bluflf 

El  Dorado 

Fort  Smith 

80 
78 
75 
76 

14 
24 

18 
19 

78 
76 
74 

7 

26 
20 

82 
80 
80 
81 

15 
22 
11 
14 

88 
83* 

39 
44 
39 
40 

89 
88 
88 
89 
90 

87 

46 
48 
44 
48 
48 
43 
42 
46- 

Forrest  City 

Harrirtburcr 

Hebi?r «.. 

Helena* ,.  ...... 

Hot  Springs 

T>*ad  Hill 

75 
81 
75 

18 
11 
21 

78 
81 

78 

26 

5 

20 

"82' 
84 

14 

9 

16 

■'98' 
84 

37 
38 
38 

Little  Rock 

1  U.  S.  post  hospital, 
s  Signal  Service. 


*  Daniel  Murphy. 

«  Pacific  Railway  System. 


•  E.  L.  Wetauxn. 

•  Cotton  bolt. 
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Annual  Bangs  of  Temperature  for  1890,  ktc— Contin\ied. 


June. 

July. 

August. 

Septem- 
ber. 

October. 

Novom. 
ber. 

Decem- 
ber. 

• 

a 

• 

1 

• 

d 

• 

<9 

• 

0 
•ft 

• 

• 

• 

• 

d 
.■-4 

i 

• 

.a 

• 

bo 

d 

3 

^ 

a 

^ 

§ 

s 

S 

s 

S 

s 

S 

s 

s 

a 

0 

• 

0 

0 

0 

0 

0 

C 

0 

0 

0 

o 

o 

0 

0 

o 

89 

61 
60 

91 

02 

58 

80 

62 
36 

76 

40 

28 

78 

32 
26 

56 

67 

-.- 

id? 

94 

48 

115 
97 

67 
54 

107 
91 

60 
51 

105 
91 

(iO 
44 

91 

8;i 

37 

28 

89 
79 

34 
20 

66 

21 

88 

93 

87 

97 

53 

90 

55 

■  88 

46 

78 

28 

73 

19 

62 

20 

89 

93 

56 

94 

56 

88 

56 

a5 

52 

76 

43 

78 

28 

61 

24 

75 

95 

56 

»^ 

58 

.  90 

55 

86 

52 

76 

42 

72 

26 

61 

30 

77 

92 

54 

96 

60 

90 

54 

93 

40 

78 

39 

72 

26 

67 

30 

77 

92 

54 

96 

60 

90 

54 

89 

55 

78 

39 

77 

24 

67 

30 

77 

94 

52 

98 

58 

89 

54 

89 

53 

80 

40 

77 

29 

67 

27 

87 

108 

44 

109 

65 

101 

63 

101 

54 

98 

35 

98 

24 

83 

25 

88 

108 
109 
105 

50 
57 
45 

117 
120 

108 

69 
72 
63 

110 
112 
101 

68 
70 
62 

108 

60 

97 

39 

'"98" 

52 

90 

35 

78 

23 

66 

24 

90 

102 
102 
104 

46 

48 
72 

109 
109 
110 

60 
63 
80 

104 

58 

•102 

e5o 

104 

78 

102 

74 

88 

56 

82 

50 

88 

52 

76 

110 
95 

82 
53 

110 

80 

78 
43 

100 
75 

55 
24 

83 
72 

50 
20 

82 
59 

50 
19 

96 

33 

101 

54 

92 

»93 

'58 

90 

65 

85 

62 

87 

56 

77 

42 

74 

.30 

67 

30 

M  M  W 

112 

73 

116 

90 

ia5 

78 

101 

70 

81 

61 

80 

52 

72 

40 

82 

95 

43 

96 

60 

8.5 

51 

84 

51 

83 

38 

74 

27 



106 

49 

108 

67 

104 

60 

103 

»35 

m 

40 

85 

40 

76 

39 

lOd 

75 

110 

63 

102 

63 

103 

57 

08 

53 

80 

48 

73 

37 

&3 

103 

48 

109 

63 

101 

62 

100 

56 

84 

38 

79 

30 

66 

28 

89 

105 

46 

111 

64 

62 

56 

35 

01 

26 

78 

23 

104 

48 

100 

60 

101 

62 

iOG 

65 

100 

46 

91 

35 

80 

28 

78 

105 

52 

112 

70 

106 

68 

104 

64 

00 

43 

86 

33 

71 

35 

87 

114 

75 

119 

80 

114 

75 

111 

72 

02 

50 

90 

42 

76 

36 

97 

99 
105 

56 
52 

102 
109 

60 
69 

96 
99 

57 

m 

95 
99 

54 
60 

86 

80 

40 
41 

87 

34 

72 

35 

85 

107 

85 

107 

78 

1(H 

70 

9(i 

70 

03 

64 

75 

40 

72 

40 

72 

90 

88 
98 

50 

50 
60 

92 

00 
07 

45 

44 
60 

82 

72 

85 

26 

127 
50 

78 

19 

64 

20 

88 
101 

33 

58 

93 
104 

53 
60 

81 

25 

69 

28 

79 

99 

39 

104 

60 

96 

44 

04 

45 

87 

30 

78 

14 

68 

20 

90 

101 

74 

108 

82 

103 

82 

103 

75 

92 

83 

52 

74 

43 

69 

107 

61 

115 

74 

110 

68 

110 

67 

93 

47 

91 

40 

77 

35 

85 

94 
91 

58 
61 

95 
95 

60 
63 

76 
79 

30 
33 

94 

63 

01 

52 

-  • . .  - 
84 

37 

74 

23 

92 

64 

92 

67 

92 

62 

90 

50 

82 

34 

73 

32 

70 

26 

72 

96 
96 

59 
56 

96 
98 

73 

60 

64 
74 

20 
18 

94 

50 

92 

49 

8,') 

26 

25 

— 

100 

58 

101 

58 

98 

60 

91 

44 

8K 

32 

81 

■  30 

77 

20 

94 

98 

60 

98 

64 

94 

58 

JX) 

50 

8(J 

32 

79 

32 

75 

28 

76 

93 

96 

100 

64 
59 
60 

86 

4S 

1 

85 

2H 

76 

25 

67 

20 

100 

60 

98 

58 

92 

50 

78" 

32 

72 

14 

•  «  •>  W  M 

55 

96 

58 

98 

57 

95 

45 

87 

31 

71 

31 

69 

21 

84 

106 

67 

106 

62 

104 

58 

98 

46 

01 

30 

80 

26 

76 

2 

104 

94 

60 

97 

6 

6  1 

94 

61 

92 

51 

1  86 

38 

77 

33 

74 

22 

8X 

.^:i 
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Table  of  Maximum  and  Minimum  Temperatures  a2id 


StationB. 


Arkansas— Con  tinued . 

Little  Rock  Barracks 

Lonoke 

Malvern 

Newport* 

Osceola 

Ozone 

Pine  Bluff 

Prescott 

Russellville 

Stuttgart 

Texarkana 

Washington 

Winslow 
California: 

Alcalde 

Alcatras  Island 

Almaden 

American  Hill 

AnaJicim 

Anderson 

Angel  Island 

Antioch 

Aptos  -. 

Athlone 

Auburn 

Bakersfield 

Barstow 

Beaumont 

Belmont 

Bonicia  Barracks.. 

Berendo 

Berkeley 

Bishop  Creek 

Boca 

Borden 

Boulder  Creek 

Brentwood 

Brighton 

Byron 

Oalieute 

Calls  toga 

Castro  ville 

Centcrville 

Chico 

Cisco 

Colfax 

Colton 

Corning 

Davis 

Delano 

Delta 

Downey 

Dunnigan 

Dunsmuir 

Edgewood 


I  Cotton  Delt. 
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Annual  Ranqe  op  Temperature  for  1890,  etc.— Continued. 


June. 

July. 

August. 

Septem- 
ber. 

October. 

Novem- 
ber. 

Decem- 
»  ber. 

• 

i 

• 

9 

• 
.^4 

• 

8 

• 

■ 

M 
08 

■ 

a 

i 

• 

i 

■ 

d 

• 

• 

c 

• 

bo 

1 

S 

0 

< 
0 

0 

0 

IS 
c 

s 

0 

0 

2 

c 

0 

2 

c 

s 

2 

2 
0 

o 

0 

0 

0 

100 

56 
61 

99 
100 

62 
65 

99 
91 

59 
58 

"94" 

"54' 

"86" 

'"35' 

"78" 

"34" 

■"76' 

"23" 

]II 

96 
96 

50 
58 

96 
97 

60 
58 

94 
93 

60 
55 

90 
91 

58 
47 

84 
86 

52 

28 

78 
75 

38 
30 

"67" 

"is" 

94 

60 

96 

56 

100 

55 

\}0 

46 

87 

28 

76 

20  ! 

70 

20 

91 

58 

92 

61 

90 

59 

85 

46 

79 

34 

70 

32 

66 

19 

85 

98 

64 

98 

64 

96 

60 

96 

50 

86 

34 

80 

34 

72 

22 

80 

94 

60 

96 

65 

94 

64 

89 

51 

81 

38 

76 

36 

100 

58 

99 

62 

96 

60 

92 

48 

84 

33 

84 

30 

■72' 

"22" 

96 

62 

96 

58 

96 

52 

92 

47 

85 

26 

79 

30 

72 

21 

"si 

96 

60 

98 

62 

98 

60 

96 

48 

86 

35 

81 

32 

78 

23 

88 

91 
91 

60 
60 

93 
80 

51 
42 

86 
84 

35 
33 

"84* 

*"68" 

"si" 

"65" 

"'73" 

"32" 

""76" 

"ie" 

"95 

107 

58 

110 

65 

105 

65 

101 

60 

85 

50 

82 

40 

65 

30 

70 

38 

65 

40 

68 

43 

74 

45 

85 

45 

73 

4o 

61 

26 

"59 

91 

50 

93 

50 

93 

53 

88 

55 

86 

45 

80 

36 

67 

35 

66 

107' 

"64" 

""98* 

"w" 

'ioi* 

""62" 

"95" 

"oo" 

"ioo" 

"56* 

"96' 

"46" 

"79" 
65 
70 

"*46' 
27 
35 

"75 

"sV 

"44* 

""79' 

"45" 

'*83* 

'47 

"82" 

"49' 

""oi" 

"46" 

"79" 

"42" 

"54 

M 

60 

107 

66 

94 

68 

84 

61 

82 

54 

83 

40 

68 

36 

82 

78 

45 

85 

50 

90 

50 

72 

48 

90 

38 

80 

35 

70 

32 

*  ^  a 

102 

57 

110 

64 

110 

60 

104 

57 

92 

40 

85 

37 

75 

34 

83 

93 

34 

105 

54 

98 

55 

94 

52 

87 

40 

84 

38 

60 

35 

81 

103 

62 

109 

75 

103 

71 

99 

64 

86 

48 

83 

42 

71 

32 

79 

104 

48 

114 

59 

106 

58 

104 

52 

89 

37 

82 

32 

74 

28 

92 

98 

63 

105 

70 

97 

60 

87 

60 

90 

40 

84 

40 

74 

40 

81 

88 

54 

94 

56 

90 

54 

88 

52 

85 

42 

80 

38 

65 

32 

66 

92 

47 

99 

51 

97 

51 

92 

50 

89 

45 

78 

39 

63 

33 

73 

104 

60 

113 

62 

108 

62 

108 

57 

85 

52 

80 

38 

66 

35 

88 

82 

46 

82 

50 

83 

52 

83 

49 

86 

46 

74 

43 

66 

34 

55 

104 

58 

111 

73 

103 

62 

98 

53 

85 

40 

82 

33 

60 

23 

•  •  • 

98 
114 

33 

65 

92 
106 

28 
65 

90 
103 

34 
63 

83 
90 

22 
49 

70 

85 

8 
35 

60 
75 

0 
35 

"iio" 

"55* 

89 

98 

40 

110 

39 

108 

42 

100 

31 

96 

29 

84 

28 

74 

25 

87 

112 
106 

75 
62 

100 
100 

62 
63 

90 

98 

60 
58 

87 
94 

48 
50 

80 
85 

39 
36 

61 
76 

31 
35 

"9i* 

"58" 

"76 

94 

60 

105 

66 

100 

62 

94 

56 

84 

50 

80 

34 

100 

60 

108 

60 

102 

70 

98 

55 

88 

43 

80 

35 

""76' 

"'36' 

'78 

95 

50 

105 

50 

93 

48 

96 

48 

88 

34 

82 

28 

74 

27 

•  *  «. 

72 

50 

73 

53 

78 

51 

74 

50 

87 

42 

83 

40 

72 

40 

57 

94 

54 

99 

59 

•98 

•60 

•94 

•66 

«^3 

•48 

82 

43 

65 

i  38 

66 

104 

53 

111 

60 

104 

60 

92 

56 

92 

47 

88 

40 

70 

33 

8,3 

80 

31 

87 

51 

82 

50 

76 

45 

65 

29 

64 

27 

48 

20 

77 

96 

44 

102 

56 

98 

58 

94 

56 

87 

40 

82 

:m 

70 

33 

82 

106 

56 

110 

G6 

108 

56 

108 

56 

100 

39 

92 

38 

86 

34  ;  84 

104 

50 

113 

61 

111 

65 

95 

61 

85 

50 

^2 

35 

74 

30  i  85 

98 
105 

50 
58 

105 
111 

55 
67 

96 
104 

48 
61 

87 
89 

42 
44 

82 
82 

32 
42 

72 

68 

;i5 

32 

"ios" 

"62" 

"83 

102 

52 

106 

52 

103 

55 

97 

48 

88 

;i5 

86 

33 

69 

30 

86 

99 

59 

96 

61 

98 

60 

91 

60 

94 

52 

88 

46 

108 

56 

116 

67 

106 

63 

1)6 

58 

88 

49 

78 

36 

""56" 

"36' 

'86 

96 

42 

96 

62 

91 

62 

93 

56 

84 

44 

78 

35 

65 

30 

*  «  «• 

91 

45 

101 

61 

85 

43 

69 

30 

67 

24 

... 
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Table  of  Kazimdm  ajtd  Minimum  Tempbratdrsb  uid 


Call  fornio— Continued . 

El  Dorado 

Elmira 

ElVerano 

Emigrant  Gap 

Efiparto 

Espuranza 

Eureka  _ 

Parmington 

Felton 

Plurenco 

F'olsom  

FortBidwell 

Port  Gaston 

Fort  Mason 

Fresno' 

Freiaio' 

JVuto  

Gait 

Georgetown 

Ullroy 

.    Glrard 

Glen  Ellen 

Goshen 

Hayvrards 

Holllster 

Hornbrook 

Hjdeaville 

Indio 

loiio 

lowttHitl 

'K»lQr''"'.V.'.'.y.'V. 

Kooler' 

Kceno 

Kinjt  City 

Kni);LlK  Lauding  .. 

La  (iraii^i: 

IjUilirup 

l^miKiri! 

I^'Vfis  c:r-..1£ 

Livonnrii-e 

I^ivin^ton 

Lon;:  Bi-acli 

LiRj  Anjit'k-s* 

tii>*  Iloiibs ... 

Los  *!alos' 

MiunniotliTunk..   . 

MartiiioK - 

Wiirysvilk- 

■SlSIUll  SlTVlCO. 


January.    February.    Maroli. 


1 1  m' 


rui  I 


■£i  .    Hit      30 


i:i)  .    iio  1    02  ,    7ii)  .    TO 
I  Pacific  Rillwaf  Srstem. 


ftfiPOBT  OF  THE  CUlEl''  StQNAL  OFFICE^ 
Ahnuai.  Ranqb  op  Teuperaturb  fob  1890,  ETC.— Continued. 
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June. 

July. 

August. 

Sep  tern- 

October. 

Novem- 
ber. 

Decem- 
ber. 

1 

1 

1 

i 

1 

_i 

1 

i 

i 

i 

i 

T 

.3 

i 

o 

,. 

o 

a 

□ 

0 

0 

0 

a 

0 

0 

0 

0 

0 

0 

101 

54 

106 

61 

101 

54 

89 

45 

85 

32 

69 

31 

lOO 

68 

110 

60 

"iaV 

"flo" 

100 

90 

47 

90 

40 

75 

32 

79 

02 

54 

loo 

55 

m 

52 

B7 

50 

84 

38 

79 

32 

63 

32 

73 

85 

M 

03 

48 

86 

52 

80 

46 

29 

71 

35 

54 

22 

77 

102 

55 

105 

iH 

98 

60 

95 

55 

91 

46 

80 

38 

84 

23 

"m 

"v>''"m 

"ik' 

"aV 

"45" 

"uh" 

"ie' 

"70" 

"38 

"66' 

"35' 

"ee" 

"38" 

'51 

99 

55 

108 

63 

102 

61 

102 

58 

92 

45 

83 

35 

34 

»8 

« 

100 

64 

OS 

64 

98 

50 

95 

35 

00 

26 

76 

27 

74 

92 

55 

92 

ftl 

97 

Ri 

00 

63 

95 

43 

91 

42 

87 

40 

62 

100 

&S 

108 

82 

102 

65 

100 

60 

95 

48 

8C 

40 

75 

30 

82 

61 

33 

98 

40 

91 

44 

88 

36 

105 

41 

103 

44 

102 

41 

93 

39 

"'83' 

"31 

"70" 

'25' 

"u 

"28"!  81 

T2 

45 

73 

47 

76 

43 

76 

49 

81 

45 

73 

44 

62 

36  '  46 

102 

eo 

112 

65 

108 

61 

IW 

59 

90 

50 

82 

38 

76 

32  !  83 

104 

46 

111 

56 

105 

56 

103 

53 

83 

42 

82 

37 

70 

28  ,  87 

108 

66 

104 

62 

9» 

51 

91 

41 

85 

40 

70 

28  ... 

"ioo' 

"w 

110 

58 

100 

63 

96 

55 

95 

45 

94 

37 

70 

30  ■... 

89 

38 

98 

52 

94 

49 

89 

60 

82 

38 

77 

32 

66 

29     80 

VS 

53 

99 

64 

94 

52 

97 

60 

92 

40 

84 

-30 

68 

30     73 

93 

45 

99 

62 

9- 

6:> 

93 

65 

85 

35 

70 

30 

62 

33     82 

95 

49 

98 

51 

95 

43 

90 

34 

80 

31 

61 

■30   ... 

IOO 

65 

"iio" 

W 

103 

62 

104 

60 

86 

60 

85 

42 

70 

20     84 

&1 

64 

87 

52 

B5 

55 

70 

62 

76 

42 

63 

36 

60 

35  ;57 

8a 

60 

101 

62 

08 

90 

48 

92 

39 

83 

34 

78 

28     73 

68 

40 

99 

55 

96 

43 

92 

48 

30 

72 

64 

18  1... 

78 
HI 

39 
65 

72 
120 

45 

78 

70 
114 

39 
75 

81 
115 

30 

63 
90 

30 

'iot" 

"55" 

"93' 

"40" 

40     91 

S3 

62 

105 

60 

100 

00 

9G 

54 

86 

40 

80 

30 

66 

25     81 

94 

47 
50 

101 
113 

62 
64 

90 
106 

Gtl 
04 

93 

54 

86 

45 

82 

36 

67 

33     79 

"oi" 

45 

»G 

57 

87 

60 

"iii" 

"54 

42 

"75" 

"37" 

"m" 

"34"   72 

98 

68 

la'. 

80 

100 

95 

60 

78 

55 

40 

65 

32 

96 

46 

103 

m 

OS 

59 

97 

50 

80 

38 

77 

33 

61 

29 

87 

9r) 

47 

102 

05 

98 

&1 

92 

55 

8) 

38 

75 

34 

65 

31 

81 

92 

48 

100 

46 

96 

411 

100 

43 

99 

32 

89 

28 

72 

28 

78 

102 

56 

lOti 

70 

105 

62 

98 

53 

8ii 

40 

73 

;J5 

66 

30 

81 

90 

68 

102 

r.8 

94 

00 

92 

M 

84 

49 

72 

38 

70 

37 

71 

lU 

47 

112 

66 

111 

55 

107 

54 

02 

42 

85 

98 

58 

105 

en 

9il 

611 

33 

55 

8.-1 

45 

85 

35 

"m" 

"35" 

'75 

W 

49 

101 

r.2 

(!,"> 

5ft 

94 

4S 

40 

89 

35 

79 

33 

72 

105 

65 

110 

«.■. 

110 

61) 

100 

60 

3D 

42 

80 

35 

70 

32 

85 

'101 

lib 
47 

'101 
102 

IOO 
93 

fll 

5ii 

"iw 

"54" 

"wi 

"43" 

"m 

;w 

"72" 

""34" 

'm 

103 
103 

55 

00 

lOH 
80 

02 

1116 

00 
60 

103 
89 

511 

92 
9tl 

44 

50 

80 
93 

37 

81 

"so" 

"41" 

106 

55 

07 

Kl 

i)<J 

01 

93 

60 

yij 

411 

92 

43 

83 

42 

74 

105 

48 

97 

5.') 

98 

5(i 

94 

54 

99 

46 

iXl 

41 

82 

43 

71 

104 

6M 

103 

69 

93 

60 

80 

52 

76 

:<4 

34 

"w" 

"m' 

101 

50 

95 

55 

90 

50 

33 

46 

35 

73 

.32 

■7s 

93 
112 

40 

72 

110 

45 
7.-. 

91 
115 

44 

85 
96 

41 

52 

94 

36 
52 

62 

73 

33 
40 

iis' 

"Ta" 

'm 

90 

54 

92 

50 

82 

54 

82 

5(J 

82 

47 

72 

35 

62 

30 

04 

90 

60 

100 

05 

100 

69 

90 

GO 

90 

as 

coo 
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Table  op  Maximum  and  Minimum  Temperatures  and 


January. 

Febr 

uary. 

March. 

April. 

May. 

Stations. 

• 

0 

63 
60 
55 
75 

• 

.a 

\J 

28 
30 
21 
24 

s 

0 

65 
72 
66 
72 

• 

a 
0 

30 
32 
25 
23 

i 

0 

74 
75 
70 

78 

• 

:^ 

0 

36 
38 
31 
34 

1 

0 

82 
83 
85 
91 

• 

s 

0 

40 
43 
44 
42 

• 

1 

0 

96 
101 

96 
105 

• 

s 

0 

47 
56 
49 
46 

California— Continued. 
Menlo  Park 

Merced . 

Modesto 

Mo jave 

Monson 

Monta^ie 

48 
64 

62 
55 
57 
53 

69 
64 
72 
61 
60 
55 
66 
67 
58 

—  6 
28 

29 
17 
25 
26 

30 
28 
21 
30 
29 
28 
30 
31 
32 

58 
60 

68 
61 
65 
60 

79 
68 
83 
68 
74 
67 
82 
63 
66 

24 
32 

28 
18 
25 
30 

35 
34 
28 
34 
32 
29 
36 
30 
32 

60 

72 

70 
60 
56 
64 

76 
68 
82 
70 
71 
69 
83 
75 
66 
101 
81 
74 
75 
75 

mm 
ti 

76 
69 
70 
68 

36 
32 

35 
25 
32 
32 

38 
38 
34 
40 
36 
39 
45 
37 
40 

"46" 
38 
38 
35 
35 
29 
36 
34 
26 

90 

74 

80 
71 
84 
76 

84 
78 
91 
86 
82 
80 
89 
87 
82 
101 
93 

86 
89 
87 
84 
84 

4  1 

77 

65 

68 

103 

87 
90 

44 
40 

42 
31 
40 
38 

40 
45 
42 
48 
45 
44 
45 
42 
48 
56 
51 
50 
44 
42 
37 
38 
46 
33 
33 
35 
42 
37 
45 
49 

98 
76 

80 
80 
99 
91 

79 
92 
A5 
96 
92 
90 
99 
87 
74 

110 
99 

105 

101 
80 
92 
88 

100 
91 
97 
92 
82 
95 

106 
91 

50 
44 

47 
30 
50 
42 

55 
55 
42 
50 
60 
47 
60 
47 
64 
67 
40 
47 
46 
42 
37 
43 
62 
37 
42 
38 
40 
55 
56 
64 

Monterey 

Monterey  (Hotel  del 
•  Monte) 

Mount  Hamilton 

NapaCity* 

Napa  City  * 

National  City  (Sweet- 
water Dam) 

Newark 

Newhall 

Newman 

Niles 

North  HUl  Vineyard 
Norwalk 

Oakland* 

Oakland* 

Offilby 

Ontario 

83 
62 

60 
68 
55 
58 
55 
57 
63 
59 
67 
68 
68 

30 
30 

"32" 
29 
23 
28 
18 
14 
27 
32 
27 

:i0 

32 

83 
68 
64 
70 

mm 
t  i 

66 
72 
69 
68 
76 
63 
70 
68 
79 

40 
30 
30 
30 
29 
23 

:io 

25 
16 
30 
34 
32 
32 

:<5 

Orland 

Oroville 

Pajaro 

Pasadena 

Paso  Kobles 

Petal  uma 

Placerville* 

Placerville  * 

Pleasanton. .-.- 

Point  Reyes  Light.. 
Pomona 

65 
71 

87 

mm 
1  4 

39 
38 
37 
36 

Portcrville 

Puente 

Ravenna 

Rod  Bhiff* 

58 
54 
54 
06 
60 
58 
58 
58 

r>8 

<*58 
59 
78 
61 

6r> 

60 

28 
22 
20 
26 
30 
28 
21 
32 
29 

30 
22 
2.3 
35 

:i4 

26 

85 
('»6 
68 
82 
70 
70 
08 
04 
67 
'09 
0,} 
84 
70 
77 
78 
85 

33 
28 
30 
28 
r> 
31 
25 
34 
32 
32 
30 
30 
27 
38 
39 
29 

75 
69 
75 

8:^ 

mm  » 

75 
72 

09 
(>9 

m  •> 

07 

m 

78 
74 

mm 

I  4 

82 

37 
34 
38 
32 
37 
37 
30 
40 
36 
36 
38 
39 
34 
41 
41 
43 

90 
87 
93 
93 
85 
82 
78 
73 
80 
86 
84 
100 
90 
85 
84 
89 

48 
40 
46 
36 
42 
49 
35 
49 
44 
42 
47 
51 
40 
45 
44 
43 

98 
99 

106 
96 

104 
96 
88 
84 
92 
76 
80 

no 

99 
75 
76 
94 

46 
42 
48 
38 
50 
52 
42 
53 
46 
48 
48 
57 
50 
46 
49 
60 

Red  Bluff* 

Redding 

Riverside 

Rocklin 

Rumsey 

Sacramento^ 

Sacramento^ 

Sacramento  '^ 

Salinas' 

Salinas* 

Salton 

San  Ardo 

San  Diego 

San  Diego  Barracks . 
San  Fernando 

•Pacific  railway  system. 
'Vr.H.Afarcin. 


=»  Cabot  Observatory. 
^R.  Rowland. 


«  Sijamal  Service.      '  Dr.  K.  K.  AMraU. 
«S.U.Gerrish. 
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Annual  Range  of  Temperature  for  1890,  etc.— Continued. 


June. 

July. 

August. 

Septem- 
ber. 

October. 

Novem- 
ber. 

Decem- 
ber. 

• 

a 

• 
3 

• 

• 

• 

■ 

a 

i 

• 

i 

—  , 

• 

•1-4 

i 

• 

c 
«»4 

i 

.5 

i 

1 

s 

o 

0 

2 

o 

0 

0 

s 
0 

2 
0 

2 
0 

2 

0 

2 

0 

2 
0 

2 
0 

2 
0 

o 

0 

92 
98 
96 

52 
53 
58 

94 
108 
107 

53 
60 
63 

92 
106 
103 

52 
53 
63 

88 
06 
98 

47 
50 
52 

78 

111 

81 

36 
33 
32 

67 

32 

"iis" 

86 

"'46" 

47 

"72" 

"37' 

"86 

105 

55 

116 

73 

104 

68 

105 

58 

85 

44 

84 

36 

74 

30 

93 

95' 

59 

108 

74 

103 

68 

98 

60 

87 

45 

84 

35 

68 

33 

101 

40 

100 

70 

98 

62 

90 

58 

72 

46 

74 

38 

56 

30 

iio 

78 

48 

76 

50 

86 

50 

76 

50 

86 

36 

78 

34 

66 

32 

58 

80 

48 

84 

50 

82 

49 

82 

47 

87 

38 

79 

37 

69 

35 

59 

82 

32 

82 

50 

88 

54 

84 

46 

81 

32 

4  1 

30 

64 

29 

71 

94 

52 

98 

54 

99 

51 

81 

48 

72 

42 

78 

32 

62 

30 

74 

85 
104 

41 
41 

*•  »«  I 

92 

53 

104 

52 

91 

62 

98 

45 

98 

43 

*  •  •  •■  r 

83 

40 

74 

90 

50 

90 

55 

90 

55 

.  84 

52 

87 

44 

77 

39 

66 

35 

64 

106 

30 

110 

55 

107 

45 

106 

40 

97 

35 

96 

35 

78 

32 

89 

98 
96 

56 
55 

108 
92 

72 
55 

100 
85 

60 
52 

86 
•  86 

54 
42 

80 
74 

38 
37 

67 
73 

38 
26 

"96* 

"52' 

"76 

95 

52 

104 

57 

98 

59 

92 

53 

82 

46 

78 

43 

56 

32 

76 

110 

55 

102 

55 

102 

53 

97 

57 

100 

53 

95 

47 

80 

40 

80 

81 

45 

88 

49 

89 

50 

82 

48 

90 

43 

83 

39 

69 

33 

60 

74 

50 

80 

54 

76 

54 

70 

56 

72 

46 

72 

40 

62 

34 

50 

116 

74 

123 

84 

119 

82 

120 

75 

105 

58 

99 

56 

84 

43 

109 

50 

108 

72 

102 

70 

98 

66 

100 

45 

96 

42 

80 

35 

79 

101 
99 
74 

54 
54 

48 

111 

106 

75 

64 
61 

48 

110 
99 
80 

57 
60 

48 

»97 

87 

100 

«45 
45 
33 

97 
79 

82 

40 
44 
35 

73 
70 
76 

30 
30 

38 

"79" 

■45" 

'76 

100 
96 

41 
49 

'm 

"hi 

"99" 

"52' 

"99" 

'"48* 

**88" 

"35* 

"16* 

"27' 

'"76" 

"26' 

"83 

M 

53 

98 

54 

94 

53 

92 

51 

90 

41 

80 

34 

70 

34 

72 

98 

48 

104 

55 

101 

52 

96 

53 

87 

42 

82 

30 

64 

30 

86 

93 

38 

98 

45 

94 

46 

91 

45 

79 

33 

73 

27 

61 

26 

84 

85 

51 

105 

51 

95 

41 

89 

51 

79 

49 

71 

37 

65 

31 



78 

43 

62 

46 

68 

44 

mm   »   m  m   ^ 

M7 

43 

43 

"»68 

41 

.. 

96 

55 

102 

62 

103 

63 

105 

55 

"m 

44 

"162" 

40 

88 

39 

79 

106 

59 

110 

69 

106 

70 

106 

59 

87 

42 

87 

34 

76 

32 

80 

106 

59 

101 

60 

102 

65 

98 

55 

93 

45 

93 

40 

78 

42 

74 

101 

50 

108 

62 

100 

60 

104 

52 

90 

32 

86 

36 

68 

36 

103 

54 

108 

65 

103 

64 

102 

59 

100 

48 

95 

45 

78 

34 

80 

104 

47 

110 

58 

104 

54 

99 

52 

90 

43 

88 

36 

64 

29 

88 

108 

48 

115 

60 

112 

60 

108 

58 

98 

45 

92 

37 

65 

33 

95 

108 

44 

109 

60 

105 

52 

104 

49 

97 

38 

95 

36 

78 

34 

83 

102 

54 

107 

60 

105 

60 

99 

54 

89 

45 

78 

38 

62 

34 

77 

102 

62 

110 

67 

102 

65 

98 

60 

89 

48 

85 

40 

67 

30 

82 

89 

41 

94 

46 

90 

46 

86 

43 

75 

34 

68 

28 

58 

28 

73 

88 

59 

92 

63 

90 

59 

90 

57 

76 

47 

70 

40 

60 

38 

60 

94 

44 

102 

52 

96 

51 

94 

50 

86 

44 

78 

36 

61 

33 

73 

72 

51 

77 

52 

75 

52 

74 

52 

94 

«44 

94 

HO 

72 

35 

64 

67 

50 

71 

58 

68 

55 

70 

52 

95 

42 

60 

40 

62 

40 

65 

109 

65 

118 

82 

113 

75 

112 

m 

100 

48 

95 

37 

80 

40 

m 

100 

46 

104 

52 

102 

48 

102 

52 

96 

42 

90 

33 

78 

32 

79 

93 

51 

80 

56 

89 

58 

83 

00 

90 

49 

91 

46 

79 

47 

58 

90 

51 

85 

57 

89 

59 

85 

59 

89 

46 

88 

43 

80 

43 

56 

106 

52 

108 

67 

106 

60 

104 

59 

95 

38 

>  93 

39 

79 

42 

82 

602 
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Table  of  Maximum  and  Minimum  Temperatusss  aud 


January. 

February. 

March. 

April. 

May. 

Stations. 

i 

a 

0 

59 

60 
67 
65 
60 

• 

.9 

o 
36 

30 

28 
28 
30 

■ 

o 
64 

69 
81 
72 
68 

• 

0 

36 

28 
34 
30 
32 

• 

S 

0 

70 

72 
82 
79 
72 

• 

i 

0 

41 

35 
41 
35 
37 

0 

81 

81 
93 
98 
82 

• 

o 
46 

38 
60 
45 
48 

• 

1 

0 

85 

80 

96 

108 

93 

• 

1 

0 

47 

43 

.  66 

63 

46 

California— Continued. 

San  Francisco 

San  Francisco  (pre- 
sidio of ) 

San  Gabriel 

Sanger  Junction 

San  Jos6 

San  Luis  Obispo 

San  Mateo 

58 
61 
66 
68 
64 
62 
62 
65 

30 
25 
35 
32 
34 
28 
29 
32 

60 
67 
77 
80 
86 
69 
68 
72 

30 
28 
38 
36 
34 
40 
32 
34 

62 
77 
74 
80 
78 
78 
72 
70 

38 
36 
46 
40 
38 
46 
35 
38 

82 
86 
86 

88 
86 
79 
84 

44 
42 
49 
46 
43 
54 
37 
44 

86- 

98 

87 

90 

01 

87 

80 

88 

48 
45 
67 
66 
44 
53 
47 
49 

San  Miguel 

San  Pearo 

Santa  Ana 

Santa  Barbara  ^ 

Santa  Barbara  ■ 

Santa  Clara ._ 

Santa  Cruz* 

Santa  Cruz*      .-..  . 

Santa  Margarita 

Santa  Maria 

Santa  Monica 

Santa  Paula - .  . 

53 
62 
69 
64 
60 
54 
84 
53 
47 

20 
29 
30 
34 
27 
27 
32 
20 
10 

63 
76 
72 
69 
66 
64 
87 
61 
57 
47 
74 

23 
30 
39 
36 
28 
29 
42 
25 
16 
2 
26 

69 
76 
72 
76 
68 
74 
90 
69 
68 
55 
78 
71 
78 
78 
69 
84 
75 
63 
74 
38 
58 
63 
65 
76 
60 
69 
72 
82 
46 
78 
70 
80 
72 
74 
to 
73 
98 
74 

30 
34 
42 
49 
34 
38 
47 
32 
25 
17 
32 
38 
34 
34 
35 
38 
38 
32 
40 
27 
12 
25 
50 
33 
28 
30 
36 
37 
—  8 
36 
38 
32 
38 
42 
38 
38 
39 
38 

82 
83 
84 

42 
87 
49 

05 

86 

89 

04 

05 

100 

110 

87 

05 

80 

02 

<04 

06 
80 
88 
87 
02 
102 

45 
41 
60 
54 
43 
56 
52 
44 
46 
36 
46 
<44 
48 
35 
45 
62 
42 
55 
48 

Santa  Rosa 

78 

86 

106 

40 
46 
69 

Selma 

Seven  Palms 

Sh  ingle  Springs 

Sims.-* .. 

87 
71 
88 
82 
86 
80 

27 
17 
34 
39 
40 
38 

Sisson 

Soledad 

60 

*68 

68 

60 

26 

*31 

30 

2i 

Sonoma - 

Soquel 

72 

78 

59 

87 

74 

66 

70 

35 

54 

58 

65 

71 

56 

55 

W? 

82 

42 

07 

72 

73 

70 

70 

74 

6:j 

8ft 
68 

29 
32 
30 
32 
33 
31 
32 
25 

—10 
14 
38 
20 
16 
28 
30? 
30 

—22 
3.T 
32 
26 
31 
30 
33 
32 
38 
30 

South  Side 

SouthVallejo 

Spadra 

71 
58 
60 
58 
34 
47 
52 
50 
59 
47 
61 
50 
64 
30 
64 
61 
60 
59 
58 
61 
60 
83 
62 

30 
32 
25 
30 
5 

—  8 
15 
32 
25 
14 
27 
25 
28 

-18 
31 
29 
27 
30 
24 
28 
28 
29 
28 

02 
87 
72 
82 
41 
78 
81 
90 
B6 
74 
81 
90 
01 
68 
06 
85 
92 
83 
80 
85 
84 
106 
88 

48 
39 
45 
46 
31 
32 
36 
58 
38 
34 
43 
44 
40 
20 
45 
45 
38 
46 
48 
43 
60 
60 
62 

Steoles 

Stockton* 

Suisun ... ..•-- 

Summit   .-..-   _.-._ 

Susan  ville -.._ 

89 

.^3 

Tohachapl 

85  !    30 
05  !    50 
08  1    40 
87  1    33 
96      48 
08      65 
00  '    60 

Tehama 

Tompleton.^.-.. 

Towles 

Tracy - 

^ »"  ------  -------- 

Travcr . 

Trojiico 

Truckeo " 

82 

104 

08 

106 

04 

90 

06 

08 

116 

00 

30 
66 
63 
40 
48 
48 
45 
46 
68 
64 

Tulare 

Tui'lock 

U]fpcr  Mattole 

Vacavllle* .-. 

Vaoaville* 

Valli'y  Springs 

Vina 

Vol<*ano  Spring's 

Voltu 

iHu^'b  D.  Vail.         =  Pacific  railway  system.        *W.  B.  Springer.        <G.O.Ooll»iU]k 
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June. 

July 

August. 

X 

bem* 

jr. 

October. 

Novem- 
ber. 

Decem- 
ber. 

• 

• 

• 

1 

0 

• 

• 

• 

• 

a 

• 

s 

• 

i 

« 

a 

i 

• 

a 

w4 

• 

a 

3 

s 

0 

a 
0 

0 

a 

0 

a 
0 

a 
0 

a 
0 

0 

a 
0 

3 

k 

K 

o 

0 

0 

81 

40 

80 

49 

,  85 

50 

81 

62 

86 

48 

78 

46 

60 

39 

50 

76 

42 

72 

47 

82 

45 

80 

40 

84 

40 

77 

40 

75 

32 

54 

106 

61 

102 

65 

102 

60 

108 

60 

90 

36 

95 

42 

84 

44 

78 

108 

59 

111 

69 

105 

65 

69 

95 

48 

-85 

36 

73 

32 

83 

90 

53 

92 

52 

90 

60 

86 

60 

85 

42 

76 

38 

70 

36 

62 

""si" 

"56" 

"so" 

"so" 

"85" 

'"52" 

"so' 

*  M  M  »  * 

61 

'•83' 

"46" 

"68" 

'"38^ 

"62' 

"34' 

56 

98 
96 

52 

58 

105 
99 

55 
63 

100 
100 

55 
63 

101 
94 

60 
62 

96 
95 

46 
60 

80 
96 

30 
46 

"so" 

"is" 

"65 

104 

58 

100 

64 

106 

60 

90 

64 

95 

54 

85 

46 

86 

M 

74 

93 

45 

84 

53 

98 

52 

85 

52 

96 

44 

90 

40 

76 

44 

64 

94 

60 

88 

60 

95 

61 

83 

60 

89 

49 

80 

42 

69 

38 

67 

87 
84 

42 
47 

88 
93 

46 
50 

87 
92 

47 
62 

86 
93 

44 
45 

75 
87 

36 
39 

62 
76 

33 
88 

"92' 

"42* 

"ei 

78 

42 

87 

45 

91 

43 

81 

41 

92 

38 

85 

34 

68 

34 

98 

46 

104 

48 

96 

46 

96 

44 

86 

30 

80 

25 

70 

23 

84 

«6 

«42 

•85 

•45 

»92 

»46 

82 

48 

92 

33 

86 

36 

76 

33 

63 

89 

60 

80 

66 

81 

64 

83 

60 

86 

48 

82 

40 

78 

42 

59 

99 

60 

92 

61 

95 

60 

85 

58 

88 

48 

82 

44 

80 

45 

65 

86 

42 

100 

51 

88 

48 

87 

45 

86 

40 

75 

33 

62 

31 

73 

100 

60 

107 

65 

100 

61 

97 

61 

89 

42 

86 

35 

61 

34 

80 

115 

65 

122 

85 

118 

73 

115 

39 

98 

40 

94 

40 

82 

43 

90 

99 

55 

105 

60 

102 

60 

97 

56 

85 

48 

82 

35 

70 

33 

100 

40 

105 

45 

101 

55 

94 

49 

86 

31 

82 

30 

67 

20 

'95 

93 
90 

57 
50 

94 
92 

47 

50 

82 
92 

48 
48 

73 
92 

27 

40 

69 
86 

24 
32 

58 
74 

20 
30 

"86' 

"56" 

"66 

88 

46 

93 

48 

92 

44 

»87 

t45 

85 

38 

79 

33 

»»62 

»»32 

84 

48 

86 

50 

82 

50 

80 

48 

88 

40 

80 

34 

70 

38 

'59 

"*78" 

"46' 

""§9" 

"56" 

""§8' 

"48* 

'80' 

"48* 

"so" 

"56* 

"68* 

"40' 

"62' 

""32" 

108 

57 

103 

61 

103 

60 

100 

54 

100 

41 

98 

38 

82 

38 

*78 

87 

45 

91 

47 

92 

48 

85 

49 

91 

39 

82 

39 

71 

41 

60 

90 
99 

58 
50 

97 
103 

61 
56 

89 
100 

45 
54 

78 
89 

45 
38 

"99" 

"57* 

"94' 

"44' 

""so" 

"32' 

"73 

49 

32 

80 

45 

82 

50 

79 

43 

72 

27 

62 

25 

49 

17 

88 

42 

100 

57 

98 

56 

89 

51 

75 

36 

70 

26 

62 

12 

iio 

87 

40 

93 

58 

90 

56 

8;3 

48 

80 

32 

75 

22 

60 

29 

79 

96 

59 

112 

(w 

101 

65 

99 

00 

76 

52 

72 

43 

70 

42  80 

105 

52 

108 

54 

105 

50 

104 

48 

91 

:j.') 

87 

20 

72 

28 

83 

92 

44 

98 

60 

90 

53 

87 

50 

77 

40 

72 

34 

CO 

22 

84 

94 
102 

50 
60 

110 
104 

62 
<>4 

97 
93 

00 

58 

93 
93 

52 

58 

^ 

07 

p.  "• 

34 
33 

06 
64 

33 
33 

"82* 

"4S* 

"79 

104 

58 

99 

07 

98 

00 

94 

52 

100 

40 

98 

:w 

88 

40 

70 

86 

35 

92 

44 

m 

40 

82 

42 

78 

28 

<>8 

10 

42 

0 

114 

105 

58 

111 

m 

104 

02 

105 

58 

«).1 

45 

98 

41 

1 1 

32 

80 

98 

58 

105 

08 

100 

02 

98 

55 

H5 

1  45 

78 

35 

00 

:i2 

77 

94 

40 

95 

50 

95 

48 

100 

45 

92 

34 

88 

32 

78 

32 

74 

97 

55 

107 

m 

99 

59 

100 

50 

85) 

j  40 

83 

38 

08 

32 

77 

97 

57 

107 

5S 

99 

(i2 

95 

53 

89 

40 

83 

38 

08 

22  83 

96 

50 

102 

G5 

!H> 

00 

94 

r,:> 

SO 

i  45 

80 

40 

05 

34  74 

101 

58 

108 

70 

vm 

70 

99 

i  8i» 

1  40 

82 

;w 

03 

30 

80 

118 

75 

126 

80 

120 

SO 

122 

(M 

1  110 

45 

97 

a5 

84 

38 

97 

102 

54 

106 

06 

105 

63 

101 

00 

i  80 

51 

80 

33 

•66 

•33 

78 
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Tahle  op  Maximum  and  Minimuu  TEUPERATcmia  axo 


January. 

February 

Mai-ch. 

April. 

Mv. 

Stations. 

1 

s 

1 

.9 
S 

i 

3 

a 

i 

.s 
a 

1 

5 

California— Con  tbued- 
Walla  Walla  Creek . 

r.r'^™!'.:::::: 

44 
S9 
58 
57 
-.2 
49 

5i 
<il 
50 

6 
27 

28 
27 
35 
2ti 
26 
26 
31 
28 

0 

48 
70 

65 
60 
80 
55 
69 
68 
74 
61 

62 

3 
29 
32 

28 
"45 
33 
2Q 
30 
34 
30 

-16 

60 
72 
72 

69 
83 
58 
74 
80 
75 
70 

73 
40 
78 
85 
65 
78 
74 
71 
75 
38 
70 
49 

15 
34 
34 
36 
45 
36 
28 
30 
41 
35 

8 
-16 

-31 
0 
4 

-9 
4 

-2 

—  7 

76 

84 
83 
83 
97 
85 
90 
83 
86 
70 

74 
50 
83 

85 
66 
82 
60 
78 
64 
48 
74 
51 
"53 
78 
79 
76 
77 
70 
64 
78 
68 
65 
80 

'82' 
5» 

23 
40 
45 
39 
50 
50 
30 
37 
50 
42 

18 

9 
26 
29 

0 
18 
16 
16 
24 
-3 
16 

6- 
-15 
20 
21 
18 
20 
20 
24 
14 
21 
12 
12 

0 

13 
17 

87 
101 
98 
102 
98 
99 
99 
93 
100 
87 

88 
61 
86 
89 
74 
84 
88 
86 
90 
58 
85 
66 
62 
84 

85 

c 
32 
43 
53 
46 
51 
52 
43 
34 
53 
44 

22 
21 
37 
34 
11 
40 
36 
31 
35 
IS 
3t) 

WUlow' 

Colorado: 

Xa:::;:::::::::: 

68 
72 
B4 
73 
69 

-.1 

-26 

1 

78 
70 
73 
74 

79 

-2 

-10 
-27 
-8 
-  S 

Breckenridgfe 

Castle  Roclc 

ChevenneWella---- 

Climax 

Colorado  Springs  - . . 

60 
40 
73 
41 

1"! 

—11 

70 
46 

77 

-10 
-26 
-12 

Dwr  Trail 

bU 

56 
70 

70 
70 
(Hi 
59 
51 
73 

-10 

-4 

-8 
—IB 
0 
-13 
-  0 
-17 

-27 

-17 

3 

1 

64 

64 

72 

C8 
56 
58 

Is 

IH! 

-8 
-8 
-11 
-8 
-5 
-10 
-20 
-11 
-10 
-11 
-24 
-14 

-III 

73 

67 
69 
71 

—  6 
5 

-i 
5 

38. 
32 
32 
32 

Denver" 

75  i      8 
70   -» 

51  0 

"3 

52  1 
65  1-4 

90 
85 
79 

8S 

31 
29 
30 
25 
32 

B'ort  Crawford 

52 

05 

93 
72 
88 

30 
29 
33 

Geor^town 

05  !-:«) 
70  ]    10 
(IT.  ;—  7 
55  :—  0 

GO 
70 

-20 
0 

—ir, 

511  —  7 
70  ■      0 
71—1 

67 

78 
78 

10 
28 

7tt 
90 
85 
80 
03 
85 
92 
87 
83 
93 

22 
35 
30 
29 
2? 
50 
40 
40 

sa 

30 

Hugo 

Idaho  ^prfogs 

84 
78 
88 
84 
5.1 
82 
BO 
7R 

7-1 
82 

20 
29 
20 
21 
8 
19 
15 
17 

33 
13 

Kit  Carson 

Lamar-- 

75  ■—  2 

73  1-4 
45  -10 

65 
HO 
SO 
50 

—  0 

-  5 
-11 

71 

83 
71! 
45 

20 

I 

1 

-11 

Leadvlilu 

r,ii  —  3 
r..".  ■— 20 
5H  '-  :i 

4lf         S 

Mounniia 

ilonteViet* 

Monti-o:M 

Moraltie 

68 
Hi 
(i2 

—HI 
—13 
-12 

70 

iH 
.'..■( 

—  8 
5 

87 
85 
83 

29 
23 
31 
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Annual  Range  op  Temperature  por  1890,  etc.— Continued. 


June. 

July. 

August. 

Septem- 
ber. 

October. 

Novem- 
ber. 

Decem- 
ber. 

• 

• 

i 

• 

i 

• 

a 

i 

• 
•1-4 

• 

a 

s 

• 

0 

• 

• 

5 

i 

.  0 

0 

0 

s 

0 

*> 

0 

0 

0 

s 

0 

0 

0 

0 

0 

S 

K 

0 

0 

94 

32 

94 

40 

92 

39 

86 

42 

69 

28 

66 

24 

52 

16 

91 

98 

48 

113 

52 

100 

55 

98 

47 

88 

43 

77 

35 

69 

37 

86 

91 

60 

105 

68 

100 

68 

97 

63 

84 

53 

74 

37 

66 

38 

77 

98 

45 

106 

52 

99 

53 

97 

51 

89 

39 

84 

35 

61 

30 

79 

106 

53 

97 

50 

99 

59 

92 

59 

96 

60 

85 

.  52 

81 

50 

71 

100 

58 

109 

63 

102 

65 

98 

56 

72 

48 

65 

35 

58 

32 

83 

101 
105 

43 
32 

107 
108 

54 

41 

»101 
104 

«>54 
40 

86 
98 

40 
36 

82 
06 

34 
32 

67 
67 

28 
29 

98 

30 

80 

104 

66 

110 

58 

104 

62 

98 

57 

90 

50 

86 

38 

68 

32 

79 

91 

52 

100 

57 

92 

57 

90 

52 

85 

50 

80 

37 

79 

33 

72 

100 
73 

66 
21 

100 
75 

64 
33 

82 
54 

41 
12 

78 
52 

30 
—  6 

•63 
46 

•29 
—  2 

75 

^   V  *  M   •. 

24 

67 

19 

-.- 

99 
108 

48 
45 

99 
108 

60 
68 

96 
104 

50 
58 

90 
100 

50 
40 

77 
85 

44 
30 

80 

82 

39 
12 

87 

24 

126 

83 

12 

87 

26 

80 

26 

83 

11 

85 

—10 

80 

—20 

72 

—21 

118 

102 

48 

102 

66 

101 

54 

90 

51 

70 

40 

65 

28 

62 

10 

110 

98 
96 

42 

29 

99 
98 

56 
47 

101 
96 

51 
42 

93 
92 

37 
32 

75 
76 

15 
10 

66 

11 

84 

16 

... 

95 
65 

45 
18 

100 
68 

59 
40 

m 

66 

35 

62* 

4 

"55" 

48 

—  5 

42- 

—  4 

94 

92 

38 

94 

50 

96 

44 

86 

32 

74 

22 

74 

15 

«  «  w  «■ 



73 

70 

99 

•96 

24 

33 

38 

•45 

77 

76 

99 

•100 

37 

43 

59 

•50 

76 
71 

30 
41 

69 
71 
90 

88 

25 
22 
40 
33 

57 
,56 
70 
71 

8 
7 

30 
23 

43- 
47 
66 
50 

0 

-12 

10 

14 

68 
68 

12 
13 

98 

44 

108 

94 

37 

97 

54 

95 

48 

87 

34 

75 

25 

74 

17 

70 

14 

105 

100 
92 

48 
33 

103 
93 

62 
47 

104 
9i) 

54 
40 

92 

85 

42 

28 

73 

76 

26 
6 

66 
63 

20 
6 

77' 

16 

115 

84 
81 

34 
24 

91 
88 

51 
40 

92 
89 

43 
43 

«77 
84 

30 

• 

"76" 

21 

67 

9 

50 

—  4 

106 

96 

35 

97 

43 

96 

46 

89 

30 

80 

20 

75 

15 

71 

13 

108 

99 

38 

104 

47 

102 

45 

87 

:« 

72 

23 

70 

10 

52 

10 

121 

81 

30 

82 

45 

80 

42 

72 

33 

60 

23 

56 

10 

50 

14 

88 

97 
89 

34 
41 

93 

58 

94 

53 

■  9i 

"39" 

73 

23 

70 

18 

63 

9 

83 
95 

25 
45 

86 
88 

21 
40  . 

100 

59 

95 

51 

71 

28 

70 

18 

60 

11 

100 

95 

34 

100 

46 

100 

42 

89" 

28  1 

78 

15 

75 

11 

66 

4 

115 

84 
102 

36 
39 

58 
72 

7 
4 

102 

52 

102 

36 

95 

31  j 

_  _  _  ^ 
77 

6 

95 

56 

98 

65 

98 

«2 

74 

47  1 

70 

38 

68 

38 

70 

24 

ioi 

ia3 

47 

106 

56 

103 

52 

99 

36 

84 

20 

80 

11 

69 

7 

111 

101 

41 

103 

56 

103 

50 

96 

24 

80 

20 

79 

11 

78 

8 

114 

71 
100 

20 
43 

74 
101 

31 
47 

70 
92 

2.^) 
36 

55 

80 

10 
25 

54 
72 

3 
13 

53 
63 

3 
13 

107 

54 

-— 

98 

37 

102 

52 

^101 

»>44 

92  ' 

32  ■ 

87 

31 

80 

15 

HJ9 

»12 

•  V  • 

105 
89 

45 

28 

105 
90 

39 
40 

94 
89 

50 
37 

83 

48, 
28 

79 
70 

30 
12 

61 

3 

46 

—  6 

100 

87 

37 

96 

52 

93 

44 

84 

3^5 

71 

24 

6j') 

11 

51 

12 

109 

78 

28 

88 

;j8 

84  ' 

.{2 

75 

26 

62 

18 

59 

4 

55 

1 

.-. 
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Table  or  Maximum  and  MimucM  Tbupbratureb  una 


I  i 


M«FGh.        April 


CoIorado—CoatinuQcl . 

PagOM  Springs 

pS^merlika. 

Pueblo 

River  Bend 

BockyFord... 

Sim  Luis  Experi- 
m«nt  Station 

Sterling 

Thon.- 

T.S.  Ranch 

WaUtins 

Weatoliffe 

Conneotlout: 

Canton 

Cololiestor 

Fort  Trumbull 

Hartford' 

Mansfleld 

Meridon 

Middletown 

NowHat-tforf' 

New  Haven 

NcwXjondon 

Shelton  

Soiitbington 

ThompBon 

Volontown 

Waterbury 

Delaware: 

Kirkwood 

District  of  Columbia: 

Kendall  Green 

Washington  Bar- 
racks   

Washington 

Florida: 

Altamonhi  Springs. 

Alva 

Fort  Barrancas 

Fort  Mcacte 

Homeland 

Hynoluxo 

Jacksonville 

Jupiter 

Key  West 

Lake  City 

Madison 

Manatee 

Matansas 

Me  rritts  Island 

Ocala- 

PoDsacota 


Bev.  Wm.  GMdwln 
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A29KUAL  lUllQS  OF  TEMPSRATURE  FOR  1890,  £TO.->Continued. 


June. 

July. 

August. 

Septem- 
ber. 

October. 

1 

Novem- 
ber. 

Decem- 
ber. 

a 

0 

.a 

• 

s 

• 

d 

0 

• 

d 

■ 

• 

d 

i 

• 

a 

• 

08 

• 

d 

• 

08 

■ 

d 

• 

to 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

s 

s 

0 

0 

0 

88 

44 

84 

30 

70 

16 

66 

8 

48 

-16 

98 

41 

100 

54 

100 

48 

92 

36 

79 

22 

78 

15 

70 

9 

114 

103 
102 

43 
39 

112 

104 

60 
55 

90 
103 

52 
47 

96 
96 

42 
31 

88 
80 

20 
13 

66 
70 

14 
6 

• 

93 

22 

114 

86 

29 

88 

42 

89 

38 

80 

30 

70 

14 

63 

2 

50 

—  4 

105 

100 

33 
33 

108 
98 

51 
44 

<»102 
97 

<»45 
43 

98 
87 

32 
34 

93 
84 

22 
18 

• 

78 

12 

71 

9 

108 

92 

39 

99 

54 

96 

47 

-85 

'»34 

71 

25 

70 

15 

53 

14 

104 

96 

46 

98 

68 

94 

48 

86 

40 

76 

32 

62 

18 

49 

17 

106 

85 

25 

86 

36 

85 

32 

81 

23 

68 

1 

64 

—12 

57 

—  7 

101 

88 

43 

92 

44 

89 

46 

83 

30 

71 

28 

64 

12 

48 

1 

96 

a5 

42 

91 

45 

84 

48 

80 

30 

75 

29 

61 

14 

53 

2 

89 

92 

47 

95 

51 

89 

43 

85 

40 

77 

33 

68 

6 

52 

5 

90 

92 

45 

93 

46 

90 

52 

82 

34 

72 

31 

64 

15 

46 

0 

93 

§3 

40 

89 

42 

84 

,45 

80 

33 

74 

32 

64 

13 
11 
15 

48 

-2 

96 

88 

46 

94 

46 

88 

48 

81 

35 

73 

30 

66 

52 

0 

94 

88 

46 

98 

44 

*86 

47 

81 

28 

70 

25 

56 

10 

38 

—  2 

107 

88 

48 

91 

49 

85 

47 

80 

36 

73 

33 

69 

17 

61 

5 

87 

87 

51 

88 

53 

83 

51 

78 

40 

74 

36 

65 

18 

52 

8 

81 

f 

87 
88 

45 
49 

93 
92 

49 
46 

80 
80 

35 
33 

72 

71 

30 
30 

65 
60 

15 
15 

86 

51 

44 

—  6 

91 

82 

47 

88 

47 

83 

47 

78 

36 

70 

31 

63 

12 

46 

2 

86 

38 

92 

44 

.85 

«45 

83 

31 

*72 

^30 

68 

13 

50 

2 

91 

88 

45 

96 

43 

89 

44 

82 

32 

75 

28 

63 

14 

46 

—  3 

99 

64 

66 

60 

92 

50 

82 
74 
76 

38 
33 
33 

62 
70 
74 

26 
25 

27 

20 

-.- 

94 

48 

99 

52 

95 

50 

89 

43 

58 

19 

84 

92 

50 

98 

53 

95 

59 

87 

44 

77 

30 

75 

24 

60 

18 

85 

97 
96 

58 
67 

94 
96 

66 
70 

98 

68 

96 

63 

95 

45 

88 

46 

86 

37 

69 

104 

64 

99 

62 

99 

60 

97 

64 

95 

36 

89 

33 

86 

33 

81 

95 

68 

96 

67 

92 

67 

92 

54 

90 

43 

87 

43 

73 

27 

71 

91 

72 

90 

70 

91 

66 

89 

64 

89 

41 

85 

41 

82 

25 

69 

96 

72 

94 

70 

94 

72 

92 

68 

90 

46 

85 

44 

82 

30 

71 

74 

74 

74 

72 

__ 

53 

54 

48 

97 

66 

90 

66 

94 

64 

92 

65 

90 

43 

84 

39 

80 

30 

70 

95 

71 

94 

70 

90 

69 

89 

69 

89 

48 

83 

53 

•  82 

44 

62 

89 

70 

89 

69 

80 

70 

89 

70 

88 

64 

83 

65 

80 

56 

41 

99 
95 
95 
95 
96 

64 
73 
65 
70 
70 

97 
94 
95 

65 
71 
71 

97 
88 
94 

61 
71 
69 

87 
94 

H8 
65 

83 

48 
45 

80 
90 

42 
40 

91 

70 

92 

70 

90 

(V.) 

vS« 

50 

83 

52 

78 

42 

62 

96 

»68 

(*) 

(*) 

96 

"TO 

(*) 

(*) 

•03 

n\ 

82 

^44 

82 

»»81 

75 

*38 

<»33 

33 

— 

"95 

■76" 

"97" 

68 

92 

68 

90 

54 

85 

44 

80 

35 

72 

'Incomplete. 
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Tables  of  Maximum  and  Minivum  TsiiPCRATUREa  turn 


Jaouary. 

February. 

March. 

April. 

ital.    1 

SUUoDS. 

1 

i 

3 

IE 

i 

i 

a 

1 

i 

1 

5 

Florida^-CoDtinued. 

- 

58 
« 
50 
34 

""si" 

88 
81 

66 
45 

64 

"87' 
80 
82 
88 
88 
88 

36 
28 
38 
23 

"32" 
36 

"m 

80 
84 
90 
89 
90 

58 
61 

""«" 
•52 
54 
60 

o 

"ia' 

88 
00 
91 
M 

ftS 
91 
01 
67 
M 
69 
93 

eo 

63 
58 
60 
H 
58 
56 
64 

48 
4S 
41 
43 
38 
40 
IA 
49 

Si.  FrancU  Barracks 
San  Antonio 

7» 
81 

7tf 

82 
83 

48 
62 

87 
86 

48 

Georgia; 

Albany  

AHapaha  

79 

72 

72 
75 
80 

38 
"29 

27 
26 
27 
20 

76 
•99 
76 
78 
76 
84 

33 
•40 
32 
30 
23 
36 

■99 
77 
81 
78 
84 

•34 
10 
18 
17 
23 

97 
83 

80 

38 
40 
■36 
43 
39 

00 
00 

IS 

04 

88 
93 
93 
88 

88 
00 
86 
91 
111 
86 
67 
ft« 

""88" 

tol 
:» 

48 
40 
48 
fiO 
44 
32 
36 
30 
43 
50 
44 
44 
311 
43 
44 
54 
40 
54 
4S 

CarterBville 

25 



28 

15 

35 

80 

30 

80 

37 

M 

22 

84 

48 

Fort  McPherHon 

OatoMville 

" 

26 

76 

29 

78 

10 

84 

33 

» 

30 

75 

36 

w 

^ 

80 

46 

-' 

32 

80 
85 

41 
38 

80 
82 

28 
22 

84 
00 

SO 
30 

Marietta 

MiltedgeTlUe 

73 

77 
82 

26 
30 

II 

85 

25 
:t6 
37 
36 

76 
82 
87 

1« 
21 
21 
22 

81 
M 
64 

40 
40 
34 
48 

Perry 

"m" 

38 
31 

22 
21 

46 

38 

79 

36 

70 

43 

81 

24 

86 

45 

91 
92 

8ft 
91 
91 
90 
90 
8T 
88 
92 
88 
86 

88 
91 

89 

.<» 
SO 
61 
48 
48 
38 
38 
44 
48 
44 
GO 
42 

3S 
35 

38 

Thomaaviile'^mil^ 

ThomaavUle' 

It 

32 
34 

80 
81 

as 

37 

81 

82 

as 

22 

88 
88 

46 
41 

1 

1 

West  Poin 

WooIlevB  Ford 

Idaho: 

26 

"3 

26 

74 

IS 

80 

38 

Boii»<!  Barracks 

UoIki;  City 

51 
51 

-12 

1-9 

m 

55 

-  8 

-  6 

65 
64 

13 
14 

88 

85 

20 
23 

Trot.  L.  H.  ChaibonnleT. 
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Annual  Range  of  Temperature  for  1890,  etc.— Continued. 


June. 

July. 

August. 

Septem* 
.  ber. 

October. 

Novem- 
ber. 

Decem- 
ber. 

• 

• 

i 

0 

"91" 
92 
92 
92 
92 
96 

100 
98 

101 
96 

101 
96 
99 
98 
98 

100 
98 
95 

'idi" 

100 
98 
99 
92 
94 

100 
90 

100 

102 
94 
97 
100 

"'97" 

.9 

1 

• 

0 

72 
70 
70 
63 
67 
70 
68 

62 
58 

1 

i 

0 

'"88' 
92 
89 
92 
88 
94 

94 
92 

• 

0 
•1-4 

1 

72 
68 
68 
64 
66 
67 
69 

60 
60 

! 

• 

X 

08 

• 

d 
•1-4 

s 

0 

56 
45 
50 
40 
46 
47 
42 

40 
34 

i 

c 

• 

d 

0 

i 

•  0 

• 

d 
0 

• 

1 

o 

'"'95' 
95 
93 
94 
95 
97 

«101 

98 
102 

96 
106 

98 
102 

99 

0 

66 
»69 
66 
70 
65 
66 
70 

^6i 
•59 
59 
65 
60 
62 
66 
64 

0 

72 

69 
70 
68 
65 
69 
72 

63 
58 
55 
63 
61 
61 
64 
66 
68 
61 
65 
67 
65 
60 
69 
64 
62 
59 
68 
62 
70 
60 
65 
61 
62 
56 
69 
55 
71 
64 

0 

"96' 
93 
90 
93 
94 
98 

94 
95 

0 

"'87* 
90 
87 
90 
90 
91 

88 
88 

0 

81 
85 
82 
86 
83 
88  ! 

80 
82 

42 

49 
36 
43 
49 

48 

32 
35 

79 

80 
75 
81 

82 
78 

36 
30 
25 
31 
38 
36 

69 
65 
70 

'63 
63 

90 
90 
90 
96 
90 
94 
94 
W 
88 

'166' 
92 
94 
93 
88 
88 
90 
90 

*100 
98 
88 
91 
98 

"95' 

59 

56 

50 

59, 

64  1 

6.") 

58 

50 

64 

53 

.•>ft 

5S 
57 
54 
64 
60 

a5 

*54 
60 
57 
59 
54 
64 
40 
68 
60 

88 
88 
91 
94 
JK) 
92 
91 
94 
88 

76 
Oft 
94 
92 
92 
88 

52 
52 
52 
56 
62 
60 
53 
54 
60 
61 
.56 
56 
56 
50 
51 

82 
'  82 
85 
90 
86 
92 
85 
84 
80 

"iu" 

88 

32 
32 
36 
40 
44 
34 
30 
40 
32 
36 
40 
.  38 

10 

75 
82 
80 
82 
84 

1  k 

76 
76 

'*84' 
85 
82 
82 
76 
79 
78 
76 

29 
27 
30 
.>- 
32 
32 
30 
25 
35 
28 
32 
36 

;«) 

30 
24 
29 
30 
40 

70 
70 
71 
71 

26 
23 
26 

28 

77 
87 
81 
79 

80 

27 


100 
97 
96 

"m 

101 

102 

101 

92 

96 

100 

95 

101 

101 

94 

99 

105 

"m 

64 
60 
68 
57 
64 
68 
62 
62 
58 
69 
66 
72 
64 
62 
60 
63 
60 
70 
56 
71 
66 

23 

— 

75 

32 

79 

70 

24 

80 

30 

» 

28 

88 
85 
94 
92 
88 
89 
96 

"96' 
"96" 

52 

58 
53 

52 
54 
56 
55 
50 
62 
54 
60 

1 

84 

32 

68 

32 

92 
90 
81 
89 
92 

"82' 

"iid" 

87 
88 
89 
90 
90 
78 

m 

84 
88 
89 
84 
1  i 

m 

72 

36 
36 
31 
35 

:« 
:i8 

30 

:« 

,36 
36 
42 
40 
41 
39 
39 
32 
32 
32 
42 

;j5 

38 
30 

17 
23 

77 
81 
84 

"78" 

"85" 
82 
84 
1  79 

i 

24 
31 
28 
.36 
28 
40 
28 
30 

:i8 

34 
36 

70 
69 

21 
29 

78 
78 



31 

— 

"78" 
75 

28 
28 
22 
29 

--- 

102 
98 

64 
65 

102 
94 
94 
97 
94 

100 
98 
96 

101 
98 

62 
67 
68 
68 
62 
60 
60 
70 
61 
70 

98 
94 
94 

62 
63 
61 

:  94 
88 
91 
91 
92 
92 
88 
91 
92 
90 
88 

85 
86 

64 
58 
62 
62 
52 
52 
53 
60 

r^ 

58 
52 

=  24 
33 

77 

31 

72 

100 
97 

100 
98 
96 

"97" 
95 

91 
98 
96 

65 
60 
62 
62 
66 
65 
72 
68 

34 
36 
38 

84 

{J5 

92 
94 
92 
94 
97 
92 
88 

100 
99 

54 
54 
.56 
60 
58 
68 
60 

38 
41 

80 
76 
84 
79 
76 
74 

65 
63 

26 
30 
36 
32 
38 
30 

4 
17 

68 

54 
48 

22 

2 

16 

102 
106 

42 
44 

lis 

-•• 
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Tabu:  op  Maximum  and  Minimum  TEMPEhATfitEB  AMb 


J. 


Kootonai 

LeWlBton 

Mullan 

Pnyoltc 

Sod*  Sprlam 

TlUnoia: 

AtWDOll .,. 

Auror*' , 

Aiirom' 

Bcwon 

Iklviflcro 

C«iro.--^ 

Centrftlia 

ChRTlPBtoQ 

Chicago 

Cocttrell 

CktlltnBTille 

Dwight 

Eoal  Peoria 

Flora 

Port  Sheridan 

Golconda 

GreeaviUe . 

Opl(rg«villo , 

Henutpin 

iTordaUB  GrOre . 

Jjtko  Poreit 

1:*aarlc , 

LouliyiIt« 

MftrtlMTlllo 

MBMKiDtah 

Mattoon 

McLcanBboW) 

Olnoy' 

Olnoy* 

Oanrgo  

Ottawa 

Palostiac 

Pana 

Peoria* 

Philo 

Pnntlac 

RIU'V  (Mai'cnKo)  — 

ItocKford  

Rut!k  iBlani]  ArBcnal 

rtushvlllo 

Sandwich 

Slouth  EvRiiston 

Spi-iiicrfi<-lil  .   

ift'.iloWca.  =Dr,M. 


R8 

iW 

« 

as 

79 

19 

W 

W 

BO 

3?. 

f-i 

SO 

•Victor  CPblUlp*. 
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AifN0Aii  llA!fa£  OF  Temperature  for  1890,  etc.— Continued. 


June. 

July. 

August. 

Septem- 
ber. 

October. 

Novem- 
ber. 

Decem- 
ber. 

• 

• 

• 

9 

• 

s 

.s 

i 

■ 

a 

• 

• 

..-4 

• 

08 

• 

a 
•^4 

• 

X 

08 

• 

a 

• 

bo 

1 

S! 

s 

:» 

s 

0 

0 

s 

0 

s 

b-4 

2 
0 

0 

2 
0 

o 

o 

o 

0 

0 

0 

0 

80 
84 

24 
24 

90 
92 

28 
37 

84 
88 

24 
34 

81 
80 

11 

24 

55 
61 

0 

7 

46 
50 

—  9 
0 

""67" 

"iii" 

112 

92 

40 

9o 

44 

92 

42 

84 

30 

78 

27 

70 

25 

58 

25 

125 

72 
92 

38 
47 

91 
92 

30 
45 

81 
83 

16 
39 

63 
69 

10 

25 

62 

61 

1 
19 

44 
55 

—  8 
20 

'ioo' 

"si' 

126 

101 

46 

104 

50 

95 

49 

87 

37 

75 

30 

62 

21 

55 

26 

113 

88 

a5 

102 

38 

95 

38 

88 

30 

70 

23 

67 

19 

50 

22 

129 

99 

31 

113 

42 

106 

45 

90 

31 

73 

15 

68 

10 

54 

15 

88 

28 

95 

106 
95 

42 
43 

104 

m 

42 
40 

88 
76 

20 
25 

..... 

"m 

"•40" 

""88" 

"32' 

"66 

"19" 

"51' 

168 

99 
98 

42 

48 

90 
97 

44 
44 

90 
90 

36 
33 

77 
87 

27 
23 

69 
68 

23 
24 

55 
58 

0 
9 

"99" 

""46" 

ioi 

ft5 

51 

94 

46 

94 

45 

m 

32 

75 

26 

64 

20 

52 

—  2 

121 

96 

62 

ft> 

59 

91 

56 

87 

45 

84 

32 

72 

31 

63 

20 

85 

102 
98 

65 
46 

100 
93 

52 
43 

86 
89 

26 

28 

70 
72 

24 
25 

60 
56 

2 
6 

■"98' 

"63" 

"92' 

""36' 

92 

g2 

93 

56 

96 

51 

88 

39 

73 

28 

67 

27 

53 

8 

ioi 

99 

69 

98 

59 

102 

47 

90 

36 

77 

29 

62 

20 

48 

0 

96 

63 

98 

50 

98 

50 

94 

m 

88 

25 

76 

30 

62 

10 

'92 

101 
104 

44 
62 

102 
103 

43 

58 

101 
104 

43 
54 

02 

m 

32 
47 

"'94" 

"'26' 

"'74" 

"27" 

"62" 

"ii" 

ioi 

98 
96 

53 
41 

102 

94 

46 
53 

..... 

'^98" 

"49" 

'^79" 

""25' 

"73' 

"12' 

"64" 

"23" 

"51' 

ios 

96 

63 

97 

65 

.96 

60 

91 

46 

84 

31 

72 

30 

62 

18 

86 

loo 

49 

103 

46 

101 

45 

95 

35 

JK) 

22 

75 

25 

59 

7 

100 

90 

66 

93 

57 

iri 

56 

89 

40 

m 

25 

75 

25 

56 

18 

95 

97 

42 

100 

42 

102 

.  42 

92 

31 

80 

25 

70 

20 

54 

1 

109 

96 

54 

98 

48 

94 

50 

93 

39 

87 

26 

71 

2(i 

60 

3 

96 

98 

57 

90 

56 

98 

40 

.  '^1 

36 

81 

26 

70 

22 

54 

10 

101 

94 

n 

44 
52 

1 

-... 

"93" 

"54* 

""93' 

'"is" 



_ 
"'36' 

"72' 

'"2.5" 

"68* 

"22' 

"5^" 

96 

54 

100 

50 

97 

50 

89 

40 

86 

28 

70 

24 

57 

5 

'96 

98 

99 

101 

102 

98 

60 
56 
58 
56 
56 

94 
103 

96 
106 

98 

68 
50 

9(^ 
90 

40 
40 

81 

31 

"76" 
77 

25 
23 

27 

57 
60 
55 
58 
59 

6 

'  6 

15 

18 

12 

'99" 

"52' 

"84' 
89 

"34' 
26 
33 

"56" 
54 

"ioi' 

96 

""46" 
50 

"'93" 

8S 

""40' 
44 

'"72" 

"29" 

98 

58 

99 

60 

98 

56 

90 

43 

85 

33 

70 

27 

56 

8 

'91 

98 

50 

99 

45 

100 

44 

90 

34 

7r> 

24 

(m 

22 

52 

4 

110 

98 

44 

102 

48 

101 

44 

'•JM) 

34 

80 

28 

70 

23 

56 

10 

104 

96 

64 

97 

50 

97 

4fi 

91 

37 

HVy 

30 

74 

23 

56 

7 

00 

96 

63 

100 

(52 

98 

57 

02 

45 

HI 

30 

72 

32 

61 

15 

98 

100 

57 

102 

60 

102 

52 

03 

40 

KG 

2(> 

74 

26 

60 

16 

104 

100 

52 

97 

45 

98 

42 

00 

.30 

m 

26 

60 

10 

56 

5  ;104 

101 

44 

100 

44 

104 

4(> 

94 

30 

84 

24 

72 

20 

56 

6 

108 

91 

44 

92 

49 

9G 

40 

8.S 

35 

74 

24 

62 

20 

51 

—  1 

100 

95 

46 

95 

43 

97 

43 

SS 

32 

73 

26 

50 

21 

51 

,   0  jll5 

96 

40 

100 

38 

102 

34 

'  00 

42 

81 

2;-) 

70 

0.) 

:»8 

4 

113 

100 

54 

106 

47 

98 

49 

:  03 

:jh 

87 

23 

78 

•>i" 

02 

14 

108 

93 

90 

96 

H.') 

:}.') 

74 

20 

70 

'>•> 

m 

4  1... 

96 

42 

90 

"46' 

99 

"'iii" 

SO 

;i<5 

73 

32 

U7 

24 

:.:5 

2  ;... 

97 

60 

100 

51 

97 

48 

91 

30 

88 

23 

74 

1  20 

00 

14 

102 

612  REPORT  OP  THE  CHIEF  SIGSAL  OFFICER. 

Table  of  Maximum  and  Minimum  Tehpkratubbs  and 


II  liDois— Ck)DtIii  lied  . 

Sycamore 

Watsekii.- 

White  Hall 

Winneliago 


Butlenrille 

Oannolum 

Columbia  City 

ColuinbUB 

CoDnci-Mville 

Crandall 

De  GoDla  Springs.. 

Delphi 

Karmland ^ 

FranltUn 

Huntingburg 

Indianapolis 

Jeffereouville 

Laconla  

La  Fayette    

Logansport' 

Marengo 

Marion 

Maiucv 

Mt.yemon'- ■ 

Munaie 

New  Providence,,. 

Point  liabel 

Princeton 

Richmond 

BoctcviUe 

Seymour 

ShelbyviUe 

Spicelwid 


Vevay-- 


Worthinglon  . . 
Indian  Territory; 
Caddo  Creok... 
I'ortG'bBon  ... 

Fort  Rono' 

^■ort  Reno* 

Fort  Sill' 

Fort  sSill' 

Fort  rfupply*  .. 
Fort  Supply' .. 

Gulhrio 

HoaldW-n 


Iowa: 


.-4  -  8 
64-2 
66        4 


4<i  — ai  i 

Lock  wood. 


4  i— 1«  I    IK!  h-  8 
>  u.  S.  post  boiiplial. 
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REPORT  OP  THE   CHIEF  SIGNAL  OFFICER. 
AmfUAL  RAlfQB  OP  Temperature  fob  1890,  etc.— Continued. 


June. 

July. 

August. 

Septem- 
ber. 

Octobci-. 

Novem- 
ber. 

Decem- 
ber. 

„• 

.5 

s 

.9 

a 

i 

a 

A 

i 

jj- 

i    s 

_ 

^ 

1 

S 

:s 

a 

K 

s 

S 

s 

K 

:? 

R 

7>.    I  3 

>i 

3 

o 

0 

0 

3 

^ 

~        - 

J 

0 

0 

Sn 

bU 

m 

44 

88 

43 

m 

;to 

74 

■?A 

0.^       18 

51 

—  2 

109 

»H 

S7  :  100 

.■>« 

'10 

4H 

38 

72  1     20 

fl 

(W 

54  :     88 

100 

51 

83 

40 

78 

2S 

02  1     20 

50 

0 

115 

OR 

BO 

5R 

80 

3.) 

70 

■W 

40 

13 

105 

HH 

IHI 

SR 

05 

WO 

54 

H7 

43 

78 

30 

70 

28 

54 

10 

100 

58 

M6 
ft-. 

40 

4;{ 

81 

35 
35 

85 
78 

38 

28 

.56 
40 

18 
14 

94 

5? 

tMi 

56      97 

54 

8.-, 

48 

R« 

41 

82 

ai> 

7:', 

20 

50 

« 

9ft 

U,t 

58  1    85 

H5 

!fe. 

Kt 

HO 

4;', 

80 

3? 

07 

?A 

5.1 

10 

91 

100 
9:1 

0.') 
57 

87 
91 

50 
51 

91 

H7 

37 
43 

71 

45 

28 

"m 

"is 

m 

ao 

82 

3fl 

«8 

Wf 

40  1     M 

44 

H.. 

41) 

«K 

X-i 

77 

"0 

03 

19 

5:i 

K 

91 

tNi 

60  :    9H 

iiK 

MO 

r>o 

»K 

"H 

.■id 

9? 

«: 

97 

59 

50 

89 

41 

83 

3> 

24 

54 

» 

u;t 

IM 

ffl 

B8 
50 

JOO 

00 
40 

82 

44 

4fi 

85 
84 

.■H 

•a 

97 

5'^ 

M 

12 

9;{ 

Mt 

«tl 

18 

100 

flfi 

M 

90 

Art 

72 
5[ 

97 

43 

89 

•*.} 

53 

« 

101 

Wi 

48 

99 

4;) 

9H 

5"! 

87 

4'. 

;«t 

HO 

24 

53  ;    14 

98 

«H 

«■! 

9«1 

00 

5-1 

89 

4" 

97 

57 
4.7 

90 

tttt 

55 

90 

52 

1 

07 

100 

W 

00 

HO 

on 

■fel 

.58  '    10 

1(M 

01 

97 

55 

95 

M 

8B 

42 

84 

34 

60 

90 

K> 

Xi 

1)5 

41 

92 

X> 

ST. 

31 

78 

■^ 

o:i 

14 

45  i      2 

95 

101 

tH) 

100 

97 

54 

W. 

4:': 

K. 

30 

7'1 

?8 

55  :      3 

98 

Wt 

50 

HO 

4H 

80 

4.7 

;« 

1*7 

hit 

Ki 

511 

8(1 

4:. 

80 

•M 

8? 

:fli 

:!4 

ftS 

52 

«5 

51 

H?. 

rm 

85 

:w 

8.'. 

;'5 

54  :     12 

91 

-77 

35 

71 

28 

47  1     14 

,      ■■ 

87 
102 

48 
53 
40 

B2 
101 

53 
52 

92 
94 

44 
47 

SO 
88 
80 

m 

;i8 
50 

81 

a. 

08 
)17 

'~l 

7-1 

■^ 

r>:t ;    10  |... 

M 

5.5 

90 

.V. 

8r, 

44 

81 

:« 

85 

.■f 

■11 

58  1     10     94 

W 

59 

W 

55 

94 

47 

87 

42 

■'- 

70 

24 

M  ,      4  1  93 

98 
101 

61 
57 

101 
104 
105 

60 
02 

02 

102 
104 

50 
58 

90 
93 

48 
30 

84 

., 

83 

22 

70  ;      0  ,105 

71  1  324i... 

72  :     15  llOl 

102 

5.T 

100 

IH 

mi 

HI 

"94' 

4'! 

85 

.10 

80 

"':>■;■ 

100 

54 

103 

0? 

iin 

01 

94 

4-'. 

8i. 

3(1 

m 

72       15  j  97 

4.'. 

105 

58 

ia'> 

iVl 

:\-\ 

88 

K\ 

73         0  ilOli 

90 

loa 

48 

100 

70 

108 

HO 

9-^ 

40 

88 

40 

m 

27 

70        8  1102 

0> 

'lou 

92 

42 

h:i 

:w 

84 

.W 

70      2.7  1  90 

10.1  ,     til 

9:! 

St5 

54 

88 
90 

38 
29 

70 
72 

i 

....  V— .L„ 

tu 

S2 

01 

lit 

«2 

—1 

lu. 

HEPOET  OP  THE  CUIEF   MQNAL  OPFICEE. 

Taui-k  of  -Maximum  and  M:ximl-m  Tkmperaturbs  » 


January. 

F.br«a.-j-. 

March. 

April. 

M«y. 

Sla1i«ti>>. 

1 

P. 

1 

d 
1^ 

1 

1 

1 

1 

o        o 

0 

^ 

0 

0 

0 

^ 

Amana 

rfl  -IS 

fi-S 

'4 

Ml 

30 

AnK's 

47  -20 

50 

—  8 

00  — H 

81) 

211 

88 

Xi 

'■82 

»3iS 

V: 

Ul 

83 
112 

Uuni-rolt 

5? 

—111 

IMl.!  Plaini! 

48  -IC 

M 

-0 

o:t  -12 

80 

20 

W) 

KlakuviUe 

41J  —18 

M  1-  6 

04   — ]4 

»r 

Xt 

t)6 

32 

4S   —20 
48         0 
M  -1:1 

59        0 

mi      0 

fi7   -12 

«2   —10 

82 
84 
7M 

10 
34 
?4 

86 
86 

89 

36 
31) 

C\.-UarRapid8 

54  —IT 
iV.  -10 

02  —8 

75  —8 

01  —19 

'80 

81 

2H 

92 

38 

ainton 

54  —  7 

(» 

4 

111  !-  8 

81 

■KJ 

Wl 

33 

l>eB  Mtilnus ' - 

r.i  -21 

0(1 

07 !— n 

82 

24 

(N) 

X'. 

D.«.Moini'«' 

r.0  —IS 

;)!l 

-5 

Oil  ;—  8 

M 

?.-. 

89 

32 

53  -If. 
4»  —25 

5:1 

-1 

m  1-12 

57  -22 

78 
78 

11 

90 

SO 
8S 

yjigh'.  t:i-ovu 

44  ;-2fi 

52 

E? 

56 
07 

—24 

7C 
74 

S 

88 

S 

fVi-tM.uiiBon[iioar). 

55  1-  5 

2 

58 

-r> 

84 

:w 

W 

311 

«1   -20 

00 

r-l" 

(Ji-innull 

41)  t— i:i 

r>(i ,-  !i 

IH 

-  u 

78 

31 

88 

S5 

44  L21 

54 '  11 

02 

-14 
-20 

75 
82 

13 
10 

87 
83 

8) 

» 

&4 

~'.l 

1  ndc  J  lumk-ncf 

68 
81 

88 
90 

ao 

31 
30 
36 

52  ]-10 

6» 

50 

-» 

72 

2S 

M  :-  5 

07 

07 

—  6 

84 

27 

Uigan 

54  '-20 
52  —  11 

04 

A 

07 
01 

-13 
-111 

Si 
7» 

19 
S5 

88 
M) 

3! 
41 

Munw>n 

4tJ  -22 

02  ;-18 

54 

-H 

81) 

4S- ,-  « 

02  1      2 

0- 

-15 

80 

:ti 

t« 

5H  1—  1 

511 

Mcuni  I'k-atiaiiti 

iVl  !-  .1 

01 

5 

02 

81) 

MiniTitVfi-iion 

52   -15 

0:1 

-13 

m 

27 

87 

34 

.\hi«-uliiiu 

:t 

00 

— Ij 

82 

25 
•33 
20 

88 
■92" 

n 
33 

36 

50   —17 

o:t 

1 

Ofi 

-10 

82 

.Sw;{;ity_ , 

Sioux  Cilv 

55 

8? 

15 

33 

52  :-2u 

0-^ 

—IK 

-7 

88 

13 

KH 

m 

44  ;  -12 

45  -—IS 

hi 

54 

-lit 
—  .-i 

iA 
01 

-18 
-11 

74 
80 

20 
21 

86 

£ 

Vinton 

■WastilngUm 

5.i   -  8 

(hi 

02 

-  « 

80 

26 

w 

33 

Webster  <?  tv - 

45  ,-211 

54 

—  111 

0: 

—17 

W.-sk'V..,.. 

44  1—21 

-n 

58 

-a) 

H 

WJ 

4:i  i— 20 

1>I 

-l:; 

;W 

-20 

82 

10 

88 

83 

Aliil.^n.! 

(W  -12 

00 

—  2 

ii> 

24 

35 

70 

-11 

82 

B 

mi 

87 

»£ 

W 

Alton 
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Annual  Rangk  of  Tempkrature  for  1890,  etc.— Continued. 


June. 

July. 

August. 

Septem- 
ber. 

October. 

Novem- 

Decem- 
ber. 

• 

.9 

• 

.g 

• 

• 

c 

0 

• 
0« 

• 

o 

• 

• 

.s 

i 

• 

•i-i 

i 

s 

G 

c 

?, 

1^ 

o 

2 

0 

s 

o 

^ 

s 

o 

2 

o 

2 

2 

K 

o 

o 

O 

o 

0 

0 

o 

97 

48 

100 

47 

100 

45 

89 

30 

80 

22 

60 

20 

54 

0 

118 

$U 

55 

100 

58 

100 

52 

89 

35 

76 

22 

100 

39 

108 

37 

99 

36 

94 

23 

79 

17 

69 

17 

68 

—  3 

97 

49 

98 

53 

91 

46 

88 

32 

74 

19 

60 

9 

K45 

—lot?  117 

97 

56 

100 

56 

102 

46 

88 

32 

81 

22 

60 

16 

58 

2 

114 

100 
95 

61 

48 

101 
99 

60 
50 

102 
94 

50 
40 

92 

92 

36 
27 

84 
78 

24 
19 

78 
65 

16 
10 

67 

-  2 

119 

98 

55 

106 

52 

100 

45 

90 

34 

79 

22 

66 

19 

56 

4 

10() 

96 

49 

98 

56 

96 

47 

87 

32 

78 

20 

60 

19 

55 

0 

111 

98 

52 

105 

57 

100 

51 

90 

34 

76 

26 

67 

22 

63 

5 

122 

96 

47 

99 

47 

101 

45 

92 

33 

81 

23 

66 

19 

55 

-  I 

120 

91 

45 

96 

47 

94 

43 

86 

28 

71 

16 

59 

8 

47 

—10 

118 

98 

52 

97 

55 

97 

49 

90 

37 

81 

25 

69 

26 

67 

6 

107 

98 
96 

49 
49 

103 
101 

55 
65 

101 

97 

45 

48 

89 
89 

30 
33 

79 

22 

67 

19 

66 

3 

119 

96 

52 

98 

54 

99 

48 

90 

[  32 

75 

26 

60 

24 

63 

1 

114 

98 

53 

98 

56 

98 

45 

88 

32 

78 

17 

63 

10 

•66 

.-14» 

123 

94 
98 

47 
60 

98 
100 

47 
64 

98 
99 

37 
55 

88 
90 

25 
39 

78 
84 

17 

30 

60 
68 

10 
23 

55 

13 

105 

106 

50 

110 

54 

^102 

*»48 

96 

32 

^11 

«»26 

72 

18 

72 

4 

126 

89 
88 

30 
34 

79 

77 

20 
22 

64 
59 

18 
20 

63 

54 

2 
0 

91 

»55 

98 

52 

■  98 

46 

111 

94 

47 

97 

47 

97 

40 

87 

28 

<  1 

17 

60 

11 

52 

—  8 

118 

94 

48 

96 

47 

96 

38 

87 

30 

mm 
<  1 

18 

60 

12 

54 

—15 

118 

92 

58 

92 

59 

91 

53 

82 

41 

76 

26 

56 

20 

51 

-a 



96 

88 

48 
50 

_  -  _  _ 

79 

20 

28 

19 
2^> 

64 
58 

—  1 

6 

«»93 

»57 

88" 

50 

82 

37 

103 

U 

48 

100 

50 

94 

«»36 

98 

53 

104 

99 

100 

54 

98 

49 

92 

1  3f) 

^    86 

22 

77 

2(> 

57 

13 

110 

96 

50 

50 

"93 

43 

94 

31 

82 

»>7 

68 

18 

(&8 

2 

120 

96 

60 

90 

60 

100 

52 

88 

33 

t  i 

24 

60 

21 

51 

9 

110 

98 

54 

100 

58 

98 

40 

88 

30 

74 

24 

54 

12 

58 

-  8 

122 

97 

55 

99 

57 

98 

48 

91 

'Xi 

78 

20 

62 

21 

53 

5 

114 

97 

53 

98 

50 

96 

44 

87 

31 

80 

18 

62 

18 

51 

0 

114 

93 

60 

96 

02 

92 

57 

85 

42 

81 

2<) 

64 

28 

54 

12 

102 

frl 

53 

94 

56 

96 

51 

88 

33 

81  . 

2.3 

60 

»>o 

57 

o    ... 

96 

51 

100 

51 

98 

54 

88 

32 

10 

23 

66 

22 

59 

5  ill5 

53 

GO 

47 

32 

17 

11 

—  7  ;--. 

96 

57 

100 

57 

98 

53 

87 

38 

82 

25 

66 

27 

5S 

10 

117 

86 
80 

3() 

28 

i  ^ 

80 

26 
26 

64 
I  7A 

15 
9 

<i5 
k  56 

1 

-4 

93 

47 

98 

50 

IK) 

'  35 

120 

96 

50 

104 

50 

93 

43 

89 

34 

72 

24 

'  74 

Jo 

68 

—  3 

124 

»4 

48 

99 

«0 

92 

50 

86 

38 

73 

O.I 

5S 

16 

55 

—  4  '118 

93 

54 

98 

54 

9.S 

48 

H9 

29 

79 

21 

60 

i:> 

rA 

-4 

116 

102 

54 

102 

54 

102 

48 

90 

34 

84 

23 

70 

24 

r,4 

7 

110 

96 

52 

100 

52 

99 

1  45 

88 

.30 

78 

1(3 

62 

10 

52 

-14 

120 

92" 
91 

44 
52 

95 
95 

4r, 

57 

93 

\    92 

'  34 
46 

87 

34 

73 

18 

64 

11 

51 

—18 

115 

96 

58 

104 

G2 

99 

58 

90 

42 

86 

30 

70 

18 

69 

6 

116 

102 

48 

105 

59 

108 

52 

98 

32 

84 

27 

73 

17 

65 

4 

116 

103 

46. 

113 

53 

110 

52 

100 

32 

86 

25 

72 

13 

73 

7 

««• 

iTT^ 
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Table  of  Maximum  and  Minimum  Temperatures  and 


SlMions. 


Kansas — Con  tinned . 
Buffalo  Park 
Bunker  Hill 
Burr  Oak 

Carneiro 

CawkerCity 

Collyer 

Concordia* 
Concordia* 

Conway 

Cunningfham 
Dodge  City 

Elco 

Elk  Falls 
Ellis*  .... 
Ellis*  _... 
Ellsworth 
Emporia 
Englewood 
Eureka  Ranch 
Fort  I-.eaven worth*. . 
Fort  Leavenworth*. . 

Port  Riley 

Fremont 

Gibson  ' 

Globe 

Gove  C?ltv 

Graintield 

Greenridge 

Grenola 

Grinnell 

Hal  stead 

Havensville 

Hays  City 

H  or  ton 

Hoxie 

Independence 

Kansas  City 

Kellogg 

La  C  'ixysse 

La  Harj)e  ' 

I^kin 

Lawrence . . . 

Leavenworth 

I  A*  bo 

I^eoti  .. 

Lincoln 

LiHlx)n . 

Lui*av 

Mc  Alias  ter 
Macksville 
Manhattan* 
Manhattan  ^ . 
Mankato 


May. 

a     <^ 

« 

.^ 

s 

c 

88 

4r> 

»4 

W    «     W    ~     M 

ao 

>  H.  A.  William^. 
*  Signal  ServItH?. 
»  F.  L.  WlllUms. 


<  AKf  u»  Union  Pacific  Kail  road. 
•'  U.  S.  post  surgeon. 


'  G.  P.  BUCUCJ. 
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Annual  Range  of  Temperature  for  1890,  ETc.—Continued. 


June. 

July. 

August. 

Septem- 
ber. 

1 
1 

October. 

1 
Novem- 
ber. 

Decem- 
ber. 

• 

a 

• 

a 

• 

• 

a 

s 

• 

a 

■ 

a 

• 

C8 

• 

c 

!  i 

• 

■ 

• 

a 

• 
&N0 

s 

^ 

S 

s 

^ 

s 

?3 

*-< 

>. 

i  s 

1 

?? 

v.. 

0 

K 

o 

o 

0 

c 

0 

c 

0 

0 

J 

v^ 

0 

106 

58 

110 

60 

107 

61 

73 

82 

73 

20 

66 

8 

120 

102 

48 

106 

--- 
54 

103 

50 

90 

27 

86 

26 

*  72 

20 

70 

«  »  M  « 

5 

121 

101 

62 

112 

~  ~  ~  ~ 
68 

'ioo' 

60 

'"96' 

30 

88 

33 

72 

22 

70 

10  ... 

120 

56 

110 

58 

102 

62 

101 

84 

72 

28 

60 

9  128 

08 
97 

42 
49 

105 
103 

50 
56 

101 
101 

46 
49 

97 
97 

30 

3;^ 

81 
86 

22 
27 

72 
75 

10 
21 

71 

8 

117 

106 
106 

62 
56 

IK) 
104 

36 
32 

96 

46 

108 

56 

89" 

28 

78 

17 

70 

7 

116 

102 

44 

104 

60 

102 

54 

94 

36 

86 

28 

i    i 

18 

70 

10 

110 

101 

54 

101 

57 

106 

.58 

92 

36 

88 

31 

731 

23 

74 

10 

«  ^  A 

98 

48 

100 
109 

62 
73 

102 

97 

109 

62 
40 
60 

96 

38 

8:^ 

32 

80  ' 

28  i 

i 

70 

8 

—  —  ^ 

108 

60 

1 

80 

25 

76 

20 

1 

70 

12 

98 

57 

99 

57 

88 

41 

80' 

30" 

70 

"  25 

68 

10 

99 

56 

107 

68 

101 

60 

9j-) 

;i^» 

88 

32 

22 

68 

17 

107 

116 

46 

117 

58 

112 

52 

104 

31 

85 

00 

80 

18 

71 

4 

•  *  * 

97 

52 

104 

100 

55 

87 

3(5 

79 

27 

m74 

70 

9 

113 

94 

53 

98 

59 

»5 

55 

84 

38 

76 

28 

69 

22 

65 

10 

10($ 

101 

39 

103 

60 

103 

56 

92 

34 

85 

28 

72 

23 

66 

5 

115 

110 

41 

109 

54 

108 

41 

101 

29 

87 

21 

77 

15 

73 

4 

131 

108 
96 

42 
63 

118 
102 

56 
67 

111 
99 

50 
58 

98 
99 

32 
37 

80 

30 

68 

22 

65 

8" 

109 

111 

53 

120 

62 

119 

54 

105 

40 

85 

27 

88 

23 

79 

1 

12:1 

106 

60 

108 

72 

104 

62 

96 

84 

32 

72 

25 

65 

8 

117 

104 

62 

105 

70 

109 

62 

95 

40 

88' 

32 

76  1 

27 

68 

0 

110 

112 

62 

116 

70 

108 

66 

96 

84 

30 

76 

2t] 

70 

10 

125 

96 

56 

102 

55 

103 

56 

92 

32 

8:1 

31 

(i8 

19 

68 

;> 

10({ 

110 

52 

111 

60 

101 

54 

93 

29 

"  80 

19 

70 

16 

63 

2 

121 

102 

59 

107 

60 

104 

50 

93 

37 

86 

26 

68 

21 

67 

8 

122 

106 
102 

33 
56 

85 
88 

:w 

74 
76 

29 
26 

78 
66 

10 
6 

104 

60 

\or> 

59 

94 

36 

105 

102 

50 

107 

60 

102 

54 

97 

a5 

83 

25 

24 

67 

10 

112 

106 

52 

113 

57 

115 

57 

101 

89 

:io 

76 

21 

66 

*• 
« 

119 

103 

47 
46 

98 

:i8 

49 

82 

16 

:J8 

74 

24 

28 

69 

9 
16 

72 

60 

_ 

ioi 

40 

107 

45 

106 

40 

ids 

20 

86 

15 

80 

9 

68 

—  3 

113 

96 

52 

100 

65 

99 

55 

90 

:n 

80 

28 

68 

24 

67 

15 

Kki 

97 

51 

102 

58 

98 

55 

ss 

37 

79 

29 

7*4 

24 

70 

12  '108 

102 

50 

104 

52 

104 

54 

92 

33 

88 

26 

75 

21 

76 

7  109 

101 

98 

39 

58 

107 
104 

52 
70 

83 
84 

21 
30 

74 
84 

17 
22 

70 
66 

10 

103 

54 

98 

40 

109 

106 
105 
105 
96 
103 

60 
56 
50 
43 
44 

-  1 

114 
100 
106 
107 

68 
68 

5;{ 

54 

104 

98 

104 

102 

50 
55 
56 
50 

86 

20 

84 
82 
81 
86 

22 

28 
21 
23 

1 

""74' 
76 

22 
15 
16 

70 

5 

99 
95 

30 
30 

72 

3 

126 

106 

64 

108 

63 

104 

55 

98 

32 

80 

26 

73 

18 

64 

6 

126 

96 

68 

105 

49 

90 

30 

71 

6 

•  «« 
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Table  of  ^lAxnauu  and  Minimum  Tempkbatrbs  and 


Janutti-j. 

Fob! 

.ary. 

Mai-cb. 

April. 

Mw.    1 

StatluDX. 

1 

1 

.5 

1 

^ 

1 

i 

i 

1 

Kansas -Continuod. 

r.5 

70 

0 
-11 
—12 
—10 

70 
62 
7C 
60 

—  1 

—  4 

-13 
-2 

77 
74 
81 
70 

■  2 
12 

1 
—  4 

84 

86 
84 
85 

32 
38 
23 
30 

- 

-■ 

86 
05 
85 
88 
100 
fl3 
»1 
80 

30 
38 
33 

ii 

44 

45 
34 

70 
70 

74 

—10 

—  1 

—  r. 

4 

76 
73 

»a 

74 

-8 

-5 

-fi 

0 

82 
77 

0 
11 

92 
01 

88 
86 

28 
27 
27 
35 

U^allah 

78 

c 

70 
64 

75 

i 

50 
73 
(13 
64 
72 

m 

62 
66 

—  4 
-8 

.1 

-i 

4 

-i 
-10 
4 
-2 
-8 

-  S 

70 
HO 
73 
58 
76 
6^ 

3 
-12 

—  2 

—  1 

—  f( 
0 

—10 

i 

78 
68 
80; 

80 
78 
75 
80 
75 

4 
6 
16 
13 
12 
13 

"14 
12 

_i 
18 

W 

88 
90 
88 
84 
88 
04 
86 
00 
00 
86 
84 

30 
30 
26 
34 
30 
36 
2fi 
28 
28 
£4 
22 
30 

«3 

04 

£ 

Quinter 

Ulcblleia 

86l    42; 

01  ,   40; 

Sharon  Springs 

ahielda 

n 

88 
92 
M 

i! 

7(1 
73 
78 
76 
70 
74 

-12 

—  0 

—  4 

-4 
-10 

Ti-Ibune 

Wa  Keeimy 

74 

10 

02 

« 

70 
70 
62 
70 
73 

73 

0 
-  5 

0 
-I 

16 

78 
70 
73 
64 
76 
77 

76 

68 
72 

0 

—  5 

0 

—  4 
-11 

—  1 

30 
16 
22 

83 
85 
79 
74 
80 
75 

74 
60 

78 

14 
23 
5 
18 
8 
5 

12 

4 
15 

05 

OS 
00 

39 

« 

36 

Weakan       

02 
91 

88 
88 
90 

92 

Si 
32 
30 
28 
31 

33 

Winona 

02 

40 

Kentucky : 

Bowling  Green 

SO 
87 
W 

35 

TO 

IS 

82 

34 

" 

17 

70 

16 

74 

10 

83 

35 

87 

3T 

71 

15 
21 

74 
74 

lil 
31 

S 

6 
17 

85 
84 

28 
37 

80 
88 

i£ 

88 
83 
85 

ag 
43 

33 

39 
39 

» 

38 

72 
67 

66 
71 
71 
(i4 

77 
74 

611 
74 

14 

14 
30 
15 
l.i 
H 
10 
I!> 
IS 
14 
14 
20 

70 
73 
70 
70 
74 
70 

19 

53 

23 
19 

18 

70 
67 
66 
<t4 
73 
68 
•67 
74 
79 
73 
66 
67 

6 
13 
14 
7 
» 

'I 

i 
16 

80 
82 
76 
81 

31 
34 
31 

32 

LduUvIHo 

MIllei-Bbtirg 

Mount  Sterling 

Newport  liarracks- - 

86 
84 
■  83 
84 
83 

39 
2S 

89 
88 
01 
00 
03 

S 

S 

3T 

87  ;    ID 
Wi  1    IS 
71  1    18 
74       v.) 
73  1    25 

Shflbyvillu 

South  Fork 

■Agmit  union  Pad  He  Railroad 
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Annual  Range  of  Temperature  for  1890,  etc.— C'ontinuod. 


Juno. 

July. 

August. 

Septem- 
ber. 

October. 

Novem- 
ber. 

Decem- 
ber. 

3 

• 

• 

.a 

i 

• 

a 

• 

.s 

i 

• 

.9 

1 

i 

• 

g 

• 

a 

1 

S 

« 

o 

0 

o 

k. 

o 

o 

o 

o 

0 

0 

0 

c 

0 

98 
96 

64 

58 

103 
101 

62 

50 

89 
92 

39 
30 

87 
86 

24 
22 

75 
74 

22 
20 

62 
64 

6 
4 

w  «  « 

106 

66 

117 

110 

62 

109 

67 

100 

54 

100 

41 

82 

30 

74 

22 

68 

8 

122 

97 

49 

192 

68 

101 

54 

86 

35 

84 

24 

75 

22 

60 

13 

112 

101 

42 

103 

54 

103 

47 

06 

31 

84 

24 

73 

17 

no 

64 

114 

70 

112 

64 

102 

84 

. 

74 

21 

68 

124 

100 
101 

66 
63 

108 
108 

70 
68 

102 
105 

52 
50 

93 
90 

32 

38 

85 

"73' 

25 

70 

10 

_  »  M 

101 

54 

104 

56 

107 

57 

91 

37 

88 

32 

-  77 

29 

ir65 

K12 

107 

110 
193 
114 

65 
61 
60 

105 
108 
109 

65 
61 
52 

105 

38 

80 

24 

74 
74 
72 

20 
22 
24 

62 

6 

-_- 

100 
110 

48 
50 

WW  — 

98 

45 

84 

32 

62 

7 

126 

m 

63 

108 

57 

108 

60 

98 

36 

86 

32 

72 

■'24' 

67 

.,... 

109 

93 

60 

103 

67 

99 

69 

91 

40 

So 

32 

67 

27 

61 

0 

109 

104 

68 

104 

64 

107 

60 

98 

39 

91 

35 

78 

28 

67 

10 

107 

>88 
96 

»30 
42 

81 

86 

26 
32 

76 
72 

18 
22 

68 
68 

1 

0 

100 

50 

102 

62 

104 

60 

•m    m   ^ 

102 

99 

48 
44 

106 
102 

60 
64 

104 
101 

62 

51 

103 
92 

39 
34 

84 
71 

23 
19 

78 
71 

8 
6 

82 

26 

112 

104 

42 

106 

53 

104 

50 

98 

36 

82 

24 

^74 

^20 

66 

6 

115 

104 

60 

110 

104 

68 

98 

48 

84 

72 

22 

70 

14 

114 

107 

107 

105 

97 

84 

30 

72 

33 

64 

9 

W  •  OP 

102 

98 

44 
37 

84 
87 

30 
31 

74 
73 

24 
33 

70 
70 

12 

10 

*  *  « 

107 

51 

112 

56 

109 

58 

«  •>  « 

110 

60 

110 

48 

112 

52 

95 

47 

82 

32 

70 

24 

65 

10 

117 

98 

62 

102 

58 

102 

92 

107 

59 
39 
66 

94 

37 

86 

33 

72 

24. 

72 

10 

102 

104 

48 

106 

60 

100 

48 

81 

31 

70 

20 

67 

118 

94 

88 

40 
47 

100 

69 

100 

57 

96 

55 

79 

35 

76 

30 

58 

17 

V   .* 

97 

64 

100 

60 

97 

55 

89 

45 

84 

28 

75 

26 

63 

18 

85 

86 
89 

49 
44 

"8(V 

31 
32 

»»72 

77 

28 
30 

60 
70 

22 
21 

95 

68 

96 

55 

96 

55 

86 

92 
97 

50 
47 

85 
91 

47 
44 

80 
87 

30 

27 

<»75 
74 

d23 

20 

^59 
64 

^18 
14 

98 

64 

100 

60 

94 

96 

64 

96 

67 

93 

60 

90 

49 

85 

33 

81 

27 

68 

21 

79 

98 

52 

100 

47 

99 

44 

95 

38 

86 

27 

77 

19 

59 

14 

*  —  * 

92 

66 

94 

56 

92 

61 

86 

4;5 

82 

31 

73 

26 

58 

14 

88 

98 

60 

96 

59 

96 

55 

91 

40 

85 

35 

73 

27 

59 

17 

84 

94 

61 

93 

57 

92 

52 

86 

44 

83 

30 

79 

23 

57 

14 

87 

101 
95 

62 
55 

101 
96 

44 
54 

96 

49 

89 

41 

86 

33 

74 

23 

55 

13 

89 

•96 
100 

M9 
51 

98 
100 

49 
54 

101 

49 

90 

40 

85 

33 

74 

23 

58 

18 

97 

100 

54 

100 

52 

100 

51 

91 

40 

80 
82 
86 

23 
29 
29 

74 

77 
72 

24 
00 

23 

66 
59 
58 

16 
12 
13 

89 

98 

64 

99 

50 

96 

45 

92 

39 

96 

01 

62 

92 

57 

•.  V  .  - 

•  9  «•  • 

•  •• 
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Table  of  Maximum  and  Minikum  Texperaturss  mm 


January. 

Febi 

uary. 

March. 

April. 

May. 

Stalionn. 

1 

i 

i 

i 
Pi 

i 

c 

1 

1^       ^ 

Louisiana: 

80 

31 

81 

35 

80 

27 

63 

50 

89 

2! 

90 
95 
88 

91 
88 
M 
89 

59 
30 
53 
56 
39 
49 
51 
48 
52 
45 
56 

83 

HO 

24 

2S 
27 

82 
80 
101 

28 
34 
3L 

81 
81 

89 
83 
84 
'84 
83 
8« 
62 

21 
26 
33 
22 
28 
'24 

20 
25 

85 
81 
80 
89 
85 
86 
88 

44 

51 
47 
41 
46 
44 

Baton  Rouge 

7a 

80 

Z 

m 

23 
25 
30 
23 
23 

81 

32 

Columbia. 

88 
82 
61 

35 
34 

83 

44 

82 
80 
81 

'80 

81 
82 

37 
32 

25 
149 
25 
28 
2D 

82 
82 
80 
88 
81 
81 
80 
84 

30 
41 
3U 
20 
42 
21 
30 
30 

&4 
84 
84 

85 

43 
54 
5(1 
44 

1 

89 
89 

fil 
57 
59 
50 

KAgM-A 

83 

80 

8;! 

87 
81 
64 

31 

22 

2:j 

33 
20 
26 
32 

t-armervUlo 

84 
82 
85 

44 

92 
87 
89 

5U 
55 
S3 

Grand  Coteau 

.ItickBonBarraoks.-- 

81 

85 
80 
82 
81 

7» 
82 
81 

S 

7B 

34 
32 
31 
2fl 
25 
25 
31 
27 
30 
39 

21 
26 

82 

"84 
82 
*-. 
82 
83 
81 
83 
83 
SI 
80 
7« 

311 
32 
37 
35 
30 
211 

:w 
:m 

22 
30 
32 
24 
28 

85 

la' 

82 
81 

87 
82 
84 

83 
8:! 
85 
82 

25 
2S 
23 
20 
26 
lU 
23 
22 
20 
22 
25 
20 
20 

80 
85 
84 
86 
85 
89 
85 
87 
8H 
85 
S3 

45 
53 
41 
41 
55 
37 
41 
44 
50 
45 

« 

90 
88 

54 
5U 

«1  ,    52 

98i    M 
95  '    45 

Lafce  Charles. 

Liberty  Hill 

UxWag 

Mandoville 

Markavilie 

95 
90 
87 
88 
92 
91 
90 
W 

Si 

94 
81 
81 

88 

51, 
52 

'>5 

m 

48 
52 

i 

M 

Xevr  Ibet-U 

84 

82 

30 

3n 

85 
82 

30 
40 

84 

30 

8:1 
«1 

87 
80 

80 

25 

;w 
2:1 

22 

*> 

45 
24 
22 
27 
25 

85 

84  ^    5B 

85  :    M 
m  i    43 
84  ■    56 

80 ;  r>6 

84  '    50 
HO      47 
84  1    42 

Plaquemtne 

PortF^ads 

81 
78 
78 
78 
78 
80 

m 

25 
48 
48 
28 
20 
32 
28 

8.-! 
7(1 
7» 

81 
80 

81 
83 

28 
40 
40 
2« 
22 
:ni 

32 

PortRada' 

Shell  Beach 

Shiwoport 

Siifrai'tlxp'tStntion- 

1 

..„.  ..::j 

Matnc: 

BarHwlwi- 

ii4 

=1? 

—20 

53 
48 
4» 

48 
48 
47 

—  0 



4il 
4ii 
54 

48 
50 

1! 

-5 

0 

10 

—19 

J.. 

62 
63 
65 
72 
64 
67 

23 
32 
IH 
21 
24 
21 

«8 

i 

66 

Tl 

i 

35 
29 
42 
H 

'-■alais 

rornlKh _ 

Rastpopt _ 

J-'alvfleld 

Farmlngton 

Fort  Preble.. 
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Annual  Range  of  Temperature  for  1890,  etc.— Continued. 


June. 

July. 

August. 

1 
Septem- 
ber. 

October. 

Novem- 
ber. 

Decem- 
ber. 

• 

K 

9 

• 

• 

s 

• 
*m4 

• 

M 

• 

5 

• 

.9 

1 

• 

• 

• 

S3 

i 

• 

a 

• 

0 

0 

0 

■ 

o 

0 

.a 

0 

0 

o 

o 

S 

s 

o 

o 

;3 

0 

» 

o 

0 

o 

93 
98 

66 
62 
66 

93 
98 
98 

71 
66 
67 

90 
97 
97 

71 
65 
64 

89 
96 
95 

53 

46 
54 

87 
90 
92 

45 
36 
35 

79 

31 

84 
82 

28 
29 

97 

80 

24 

77 

95 

68 

98 

66 

96 

62 

94 

50 

92 

34 

84 

31 

80 

25 

73 

101 

44 

102 

65 

102 

65 

100 

49 

94 

40 

88 

35 

82 

25 

77 

94 

61 
<»58 

96 
102 

63 
60 

98 
94 

62 
60 

92 
90 

47 
50 

88 
87 

34 
43 

86 
81 

26 
40 

1  «97 

^79 

«»30 

79 

97 

65 

97 

67 

96 

62 

97 
90 

63 
63 

98 
92 

66 
69 

100 
92 

60 
68 

94 
89 

46 
55 

90 
89 

35 

40 

82 
83 

30 

81 

27 

67 

88 
89 
89 

51 
49 
56 

^85 

^33 

78 

28 

72 

23 

92 
91 

63 
63 

94 
93 

65 
69 

92 
91 

64 
70 

88 

44 

84 

38 

81 

32 

62 

94 

70 

97 

68 

91 

68 

90 

54 

88 

40 

83 

35 

79 

28 

75 

93 

65 

95 

63 

a5 

94 
94 
92 

64 
52 
67 
67 

87 

53 

87 

40 

79 

35 

72 

37 

75 

'*95 

64 
63 

92 

89 

47 
49 

74 

79 

26 
27 

'    91 

93 

66 

86 

37 

82 

a-) 

67 

96 

68 

95 

68 

94 
93 
92 

67 
65 
70 
69 

90 
89 
90 
92 

55 
.55 
.50 
57 

84 
88 
90 

40 
42 
42 

77 

36 

73 

82 
76 

30 
'27 
31 

92 

68 
69 

93 
97 

70 
69 

&5 

.35 

72 

95 

66 

96 

69 

97 

63 

04 

50 

91 

39 

85 

32 

81 

27 

74 

96 
98 

64 
60 

98 
100 

68 
59 

96 
99 

66 
60 

as 

94 

49 
42 

90 
83 

38 
40 

84 
82 

31 
.SO 

80 

32 

80 

96 

62 

101 

63 

99 

59 

98 

48 

JK) 

.^5 

81 

29 

78 

21 

82 

92 
101 

57 
68 

96 
99 

65 
68 

91 
99 

61 
68 

90 
96 

.^3 
56 

88 
90 

38 
37 

^78 
77 

d27 
27 

82 

32 

74 

96 
92 

58 
69 

98 
96 

74 

68 

96 
91 

55 
68 

87 
88 

33 
40 

80 
81 

36 
32 

76 
72 

28 
23 

90 

41 

74 

95 

68 

96 

70 

94 

66 

92 

53 

89 

36 

85 

30 

82 

26 

71 

98 

61 

99 

62 

08 

59 

99 

46 

88 

35 

81 

32 

75 

24 



95 

64 

96 

65 

95 

61 

92 

50 

86 

37 

80 

35 

72 

25 

•  •  * 

96 
92 

73 
66 

98 
95 

64 
70 

m 

93 

61 
69 

92 
95 

41 
53 

89 
90 

35 
41 

81 

84 

28 
34 

81 

29 

70 

94 

69 

96 

68 

91 

67 

89 

56 

87 

49 

81 

44 

80 

a5 

66 

96 
97 
92 
92 
94 
97 

69 
62 
69 
69 
65 
61 

97 
102 
92 
92 
94 
99 

68 
63 
68 
68 
69 
68 

93 
96 
90 

69 
62 
71 

a5 

!)7 

53 

48 

88 

40 

84 
83 

32 
24 

82 

24  ... 

80 
!  79 

80 

50 
38 

47 

40  .-- 

92 
96 

69 
65 

89 
92 

51 

48 

87 

88 

44 
40 

. ,  1 

76 

27 

77 

m 

«68 

95 

69 

92 

67 

90 

56 

87 

38 

82 

39 

78 

33 

68 

97 
97 

a3 

66 
60 

45 

. 

96 
86 

61 
44 

94 

86 

56 
49 

86 
56 

45 
14 

79 
49 

40 
9 

76 

38 

75 

30 

98 

80 

48 

84 

56 

84 

56 

76 

42 

69 

36 

56 

18 

35 

—  8 

92 

86 

i2 

86 

46 

90 

45 

75 

32 

76 

27 

61 

10 

53 

—10 

108 

^ 

45 

88 

;■)! 

92 

50 

77 

36 

73 

27 

56 

6 

35 

_  1^ 

99 

71 

44 

82 

48 

80 

52 

73 

37 

76 

35 

55 

16 

52 

10  !100 

88 

40 

90. 

42 

92 

41 

77 

30 

75 

20 

55 

10 

42 

-26  ,118 

47 

53 

50 

34 

28 

11 

—20 

•  w  » 

41 

93 

47 

88 

47 

80 

33 

73 

28 

61 

13 

41 

—  5 

--• 

622 
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Table  or  Maximum  and  Minimum  TfiMPSRATtnitaB  md 


■hM 


UaMi 


StatiofiH. 


Maine— Continued. 

Gardiner 

Itcnnebee  Arsenal . . 

KentsHlU 

Lewiston 

Maylleld 

Orono 

Petit  Menan 

Portland 

West  Jonceport 

Maryland: 

Baltimore 

Barren  Cr'k  Springs . 

Cumberland^ 

Cumberland* 

Pallston 

Fort  McHcnry 

Frederick 

Gaithersburg 

Galena 

Jewell 

Leonard  town 

MeDonoffh 

Mount  St.  Mary's 

Woodstock 

Massachusetts: 

Amhei*st* 

Amhefst* 

Amherst' 

Andover 

Blue  Hill  (summit).. 

Blue  Hill  (base) 

Blue  Hill  (valley).-. 

BoHton 

Brewster 

Cambridge* 

Cambridge' 

Chestnut  Hill 

Concord  

(;otuit 

Dcorfield 

Dudley 

Fall  River" 

FallRivcr» 

Fitchburg'" 

P'itchburg" I 

P'ort  WraTon  _ ' 

Framingham 

r;ill)ertvillo 

droton'- 

riuath 

KundullGi'con 


January. 


56 
56 
57 
53 


58 
50 
62 
45 

?3 
t4 
72 
74 
B7 
70 
74 


72 
69 
65 
71 

62 
62 
62 
64 
62 
64 

m 

5f> 
62 
63 
64 


63 
60 
55 
60 


i 

o 

-  9 

-  0 
-12 

-  9 


—23 

-  8 

-  3 
-12 

20 
16 
14 
15 
19 
18 
17 
16 
20 
21 
19 
11 
8 
14 


4 

4 

5 

5 

8 
•> 

8 
15 

() 

•• 
I 

o 


10 
8 
9 

12 


February 


c 

56 
42 

48 
51 


46 
45 
58 

48 

74 
71 

to 

76 
74 
71 
74 
68 


73 
66 

to 


59 
60 


55 
61 
64 

64 
64 
60 
62 
63 


.S 

C' 


8 
4 


-  9 
4 
0 
1 

23 
25 
17 
19 
20 
21 
24 
22 
25 
2i 
26 
20 
12 


o 
3 


0 
0 
0 

-  3 
5 

11 
0 
3 


—  1 


58 

r.O 

52  ' 

♦i.") 

5s 

64 

66 

65  I 


I 

6 
9 
(i 
9 
6 
0 


58 
56 

r»2  j  5 
m     10 

61  1   7 

55 ;—  2 


March. 


^. 


s  .  a 


o 

40 
50 
57 
46 


.S 


47 
41 
51 
48 

77 
77 
72 
71 
71 
77 
75 
74 


74 
69 
72 
72 

60 
60 
62 
60 
64 
66 
66 
68 
57 
62 
62 
65 


59 
47 


0 
3 


62  ,—  J 
57  !-  4 
00  —  7 
50  —  6 


2  i  54  I-  4 


60 
56 
(56 
6(5 
72 
59 
64 
48 
()4 
60 
62 
62 
<>3 


-5 
-6 
-  2 
-10 


-10 

14 

5 

8 

12 

13 

3 

4 

I 

10 
12 
11 
11 
15 
15 
9 
4 
10 

=■  6 
-10 

-  6 

-  1 

-  1 
1 

-  2 
4 

13 

o 

3 


5 

6 

2 

4 

2 

0 

1 

2 

3 

3 

0 

4 
o 


April. 


67 
66 
65 
66 
64 
64 

to 

65 

83 
IS 
78 
82 
80 
80 

a5 

75 


t5 
84 
80 

77 
78 
80 
73 
70 
71 
72 
72 
73 
71 
72 
72 


67 
80 
75 
tl 
78 
71 
73 

1:3 

72 
76 
76 
80 
76 


8 


18 
22 

17 
S2 


24 

26 

31 
25 
34 


29 
81 
29 
31 
37 
34 


28 
25 
23 

32 

22 
22 
23 
21 
22 
23 
26 
30 
25 
24 
22 


May- 


24 
28 
28 
23 
23 
26 
23 
25 
24 
20 
22 
18 
26 


o 

74 
72 
72 
72 
88 
73 
80 
75 
66 

87 
82 
80 
82 
81 
82 
84 


85 
81 
81 

•80 
79 
80 
81 
7^ 
79 
81 
80 
72 
77 
78 
82 


70 
84 
79 
72 
76 
78 
^8 
72 
81 
80 
81 
80 
84 


e 


o 

32 
32 
32 
30 
24 
33 


36 
38 

43 
40 
41 
40 
41 
41 
41 
44 
44 
46 
42 
39 
30 
39 

83 
32 
32 
34 
36 
38 
36 
39 
34 
36 
37 
34 


39 

36 

42 

38 

40 

34 

38 

34 

31 

35 

26 

36 


»  K.  T.  Shrlvcr. 

sjInNvanl  Shvlvrr. 

■'  Miss  S.  C.  Sii»'Il. 

*  Agrlcultunil  Kxin'rimnjit  Station. 


■*  Hatch  Kxporiment  Siatlon. 
•■•  Ilarvar'l  rulleKe  Observatory. 
•  K.  0.  Unioks,  V.  JG. 
'  C.  V.  S.  n«mlncton. 


c  Patrick  Rlermi^ 
"  Dr.  J.  FtehPT. 
"  Dr.  A.  P.  Maaon. 

i«Cba9.W90U«ir- 
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AHNUaL  tUNOS  OP  TsMPfiHATUftE  FOR  1800,  ETC.— Continued. 


June. 

July. 

Au^et. 

8eptem- 
.  bcr. 

October. 

Novem- 
ber. 

Decem- 
ber. 

•  • 
o 

a 

• 

• 

• 

a 

• 

• 

a 

• 

9 

• 

n 

• 

K 

• 

a 
•i-i 

• 

e9 

• 

• 

bo 
§ 

o 

c 

8 

o 

s 

o 

o 

o 

0 

0 

a 

o 

o 

O 

2 
o 

K 

o 

o 

ts 

45 

88 

47 

88 

49 

76 

35 

72 

23 

58 

10 

33 

-30 

108 

S3 

42 

87 

44 

88 

47 

75 

a> 

76 

26 

54 

9 

35 

*-12 

100 

88 

42 

01 

48 

93 

47 

76 

31 

77 

23 

55 

10 

37 

-16 

109 

81 
82 

36 
44 

85 
86. 

45 
46 

90 
90 

44 
45 

76 
76 

31 
33 

76 
78 

21 
24 

50 
55 

6 
12 

47 

-36 

126 

72 

44 

03 

50 

75 

60 

69 

45 

62 

37 

55 

19 

45 

5 

101 

87 

46 

03 

51 

88 

49 

79 

37 

75 

32 

60 

13 

41 

—  4 

97 

70 

46 

78 

52 

78 

51 

74 

38 

66 

30 

52 

18 

40 

6 

90 

03 

{>5 

08 

55 

05 

51 

87 

46 

78 

36 

73 

26 

50 

18 

86 

00 

52 

03 

50 

02 

47 

87 

44 

74 

31 

74 

20 

67 

18 

80 

U2 

48 

04 

54 

92 

45 

80 

38 

76 

36 

66 

22 

56 

11 

91 

03 

40 

100 

55 

08 

48 

86 

39 

78 

38 

72 

24 

66 

13 

96 

02 

52 
50 

05 
00 

52 
54 

42 

44 

73 

76 

32 
34 

71 

70 

21 
24 

53 
51 

14 

16 

03 

48 

84 

8;^ 

02 

51 

07 

53 

94 

50 

86 

43 

76 

37 

71 

24 

58 

16 

85 

02 

56 

60 

^ . 

54 

46 

32 

23 

16 



V  fc  W  ■■  M 

62 
62 

66 

61 

54 

38 

26 

20 

— 

00 

52 

02 

52 

00 

53 

84 

43 

72 

35 

70 

24 

65 

18 

83 

02 
02 

45 
46 

84 
85 

41 

39 

75 
74 

31 

28 

69 
69 

15 
10 

55 
53 

11 
12 

06 

48 

01 

45 

— 

•86 

»^9 

04 

42 

86 

43 

78 

30 

72 

26 

58 

11 

/« 

-B 

100 

86 

38 

02 

41 

86 

42 

78 

30 

76 

26 

60 

13 

Ut 

-6 

102 

88 

40 

04 

40 

88 

42 

80 

28 

78 

2fJ 

57 

16 

44 

-5 

85 

47 

02 

47 

87 

45 

82 

34 

76 

30 

70 

11 

47 

2 

93 

83 

48 

02 

46 

87 

46 

80 

:{5 

73 

32 

63 

11 

53 

^  1 

9.3 

84 

45 

92 

47 

87 

47 

81 

34 

72 

31 

66 

12 

55 

0 

92 

86 

40 

M 

42 

89 

43 

83 

31 

28 

67 

12 

55 

0 

97 

87 

50 

05 

52 

89 

50 

8;^ 

39 

77 

36 

64 

15 

56 

0 

95 

85 

44 

fC> 

51 

80 

51 

83 

41 

73 

35 

65 

20 

52 

4 

88 

84 

46 

01 

51 

91 

4S 

80 

37 

70 

32 

62 

11 

49 

1 

91 

a5 

47 

03 

51 

88 

50 

82 

37 

78 

32 

62 

15 

52 

2 

91 

88 

42 

84 

47 

90 

48 

84 

30 

78 

31 

6i-) 

14 

54 

1 

96 

1.. 

05 

46 

89 

48 

82 

32 

It) 

28 

62 

13 

50 

83 

45 

90 

48 

84 

50 

78 

39 

68 

34 

62 

10 

47 

5 

85 

89 

49 

98 

50 

91 

38 

80 

34 

«,) 

31 

()() 

11 

56 

—  0 

107 

89 

41 

00 

55 

87 

52 

81 

34 

79 

.32 

64 

10 

49 

—  2 

92 

83 

50 

90 
92 
92 

r>() 

50 
53 

82 

52 

80 

38 

72 

33 

C'l 

15 

54 

6 

m 

85 

46 

86 

52 

78 

39 

72 

32 

58 

14' 

42 

—  4" 

96 

86 

43 

92 

44 

R-> 

74 

78 

34 

74 

27 

m 

12 

45 

—  6 

9.S 

82 

51 

90 

52 

S9 

42 

76 

35 

70 

2(\ 

59 

15 

41 

5 

88 

88 

42 

9,5 

47 

SS 

47 

82 

30 

74 

28 

(i.') 

13 

50 

—  1 

9.S 

87 

39 

92 

40  : 

87 

40 

81 

32 

70 

24 

60 

10 

43 

—  6 

9S 

86 

45 

92 

47  : 

8(i 

48 

84 

33 

74 

24 

61 

12 

48 

_  o 

99 

00 

40 

m 

42 

90 

44 

80 

28 

7(i 

26 

52 

8 

'"38 

—  8  101 

1  w 

50 

04 

50 

90 

50 

80 

•JO 

72 

29 

64 

12 

50 

0 

98 

EBPOET  OP  THE  CHIEF  SIGNAL  OFFICER, 

Table  of  Maximum  and  Minimum  Tehpebatures  A!TS 


MHsachuaetts— Con  t'd . 
take  Cochltuftte . . . 

Lawrence 

Leicester 

Lone  Plain 

Lowell' 

Lowell' 

IjOweU* 

Ludlow* 

Ludlow* 

I^rnn 

Mansfield 

Middletoro 

MUton 


Nahant 

Nantucket 

New  Bedford* 

New  Bedford*- , 

Newburyport' 

Northampton 

North  BiUeric* 

Plymouth , 

Princeton 

Province  town 

KoyalBton 

Salom' 

Somerset 

South  Hlnf^faam 

Springfield  Armor; 

Taunton*--- , 

Taunton" , 

Taunton" ,. 

Vineyard  Haren 


Wakefield 

WeUeoley 

Westboro 

Williamstown-. 
Woods  HoU.... 
Worceater"  — 
Michigan : 

Adrian 

Albion" 

Alma , 

Ann  Arbor 

Atlantic 

Ball  Mountain  . 

Banf^or 

Bear  Lake 

BoUBraach   .. 
Benton  Harbor. 


0  7  I 
2  12 
(I       1? 


•tew  Itr'lford  «-at«rwurkt>. 


"  TanntoD  watanraka 


•  Dr.  E.W.Jones. 
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Annual  Range  of  Tebiperature  for  1890,  etc.— Continued. 


• 
June. 

July. 

August. 

Seg 

tem- 

October. 

Novem- 
ber. 

Decem- 
ber. 

• 

8 

• 

• 

• 

.3 

• 

8 

• 

5 

• 

• 

3 

i 

• 

i 

d 

i 

• 

a 

i 

a 

o 

0 

0 

a 

0 

0 

a 

a 
0 

a 
0 

a 
0 

a 

0 

a 
0 

a 
0 

0 

o 

0 

0 

89 

41 

97 

37 

90 

38 

86 

24 

78 

21 

65 

5 

53 

—  2 

102 

87 

41 

100 

48 

94 

48 

81 

34 

76 

30 

60 

12 

47 

—  3 

lai 

86 

43 

90 

46 

<»84 

•45 

78 

35 

72 

32 

60 

10 

49 

—  2 

92 

84 

52 

90 

56 

86 

50 

80 

34 

72 

31 

68 

12 

48 

1 

89 

86 

45 

92 

48 

87 

49 

80 

33 

75 

29 

62 

13 

46 

—  4 

96 

88 

44 

94 

44 

88 

46 

79 

32 

75 

27 

62 

10 

48 

—  2 

96 

90 

46 

98 

49 

93 

61 

86 

34 

84 

31 

67 

14 

48 

0 

98 

87 

38 

94 

42 

84 

40 

78 

29 

75 

26 

60 

6 

45 

—  8 

102 

86 

37 

91 

38 

94 

46 

82 

31 

79 

27 

66 

9 

47 

—  6 

107 

83 

49 

91 

40 

84 

49 

80 

35 

68 

32 

61 

13 

46 

—  1 

86 

41 

94 

44 

88 

44 

83 

30 

77 

31 

66 

13 

45 

0 

96 

85 

37 

91 

41 

84 

45 

82 

29 

74 

25 

69 

8 

54 

1  91 

85 

49 

94 

42 

88 

50 

78 

33 

73 

32 

65 

16 

50 

5 

94 

78 

36 

98 

38 

87 

44 

80 

28 

75 

22 

65 

8 

48 

—10 

108 

84 

48 

91 

50 

87 

51 

80 

39 

»>66 

»»37 

61 

17 

49 

7 

a5 

75 

49 

82 

55 

80 

55 

77 

48 

70 

41 

60 

25 

52 

11 

71 

84 

48 

90 

50 

80 

53 

78 

37 

69 

34 

64 

14 

47 

3 

87 

84 

44 

93 

46 

82 

50 

79 

35 

72 

32 

66 

15 

53 

5 

91 

86 

46 

94 

50 

89 

47 

83 

37 

76 

33 

63 

15 

50 

1 

9() 

91 

47 

96 

46 

91 

45 

85 

36 

74 

32 

56 

15 

41 

1 

9(J 

95 

45 

97 

45 

93 

48 

83 

31 

75 

28 

63 

13 

49 

0 

97 

85 

52 

90 

56 

86 

55 

82 

44 

71 

37 

66 

18 

58 



88 
94 
90 
94 
99 

44 
54 
56 
55 
50 

84 
84 
86 
88 
93 

45 
54 
52 
55 
50 

77 
78 
78 
78 
92 

34 
38 
36 
43 
34 

73 
70 

30 
38 

8 

"si' 
44 

6 

10 

0 

"83' 
86 
87 
92 

•44' 

50 
50 
48 

'^' 

"ne" 

'"76" 

"36" 

"72' 

"'ii' 

"50" 

"T 

'99 

37 

41 

45 

28 

25 

9 

0 

"88" 

47 

"95' 

43 

'"88" 

48 

"8O" 

34 

"'73" 

31 

"62" 

14 

"46' 

0 

'95 

90 

44 

94 

48 

88 

47 

a5 

35 

81 

30 

69 

15 

55 

0 

92 

88 

44 

93 

47 

88 

47 

85 

35 

75 

30 

69 

14 

55 

3 

91 

87 

37 

94 

41 

87 

44 

83 

29 

78 

26 

70 

10 

56 

1 

98 

86 

50 

92 

52 

85 

55 

82 

44 

,  80 

40 

68 

21 

56 

11 

82 

86 

42 

93 

45 

88 

46 

81 

30 

76 

27 

61 

12 

53 

0 

96 

86 

42 

93 

43 

92 

47 

81 

31 

70 

26 

65 

18 

52 

—  1 

97 

94 

44 

98 

46 

92 

48 

86 

32 

77 

27 

65 

12 

52 

0 

100 

81 
76 

40 
40 

■"81" 

55 

"78' 

"55' 

"76" 

'"44" 

"76" 

"46" 

'"62" 

""is" 

"54" 

""e 

'75 

87 

47 

94 

49 

87 

50 

78 

40 

73 

32 

61 

14 

46 

—  2 

96 

98 

37 

98 

44 

102 

40 

89 

35 

82 

30 

68 

17 

45 

100 

92 

43 

90 

49 

95 

44 

85 

34 

76 

31 

62 

22 

46 

11 

9;) 

98 
94 

35 
35 

88 
94 

30 

28 

79 

77 

28 
26 

66 
63 

21 
23 

51 

49 

"'w' 

"38' 

"94' 

"42" 

105 

89 

38 

88 

44 

81 

40 

89 

32 

68 

28 

67 

22 

47 

102 

92 

42 

91 

50 

03 

43 

84 

36 

74 

28 

64 

18 

45 

93 

76 
89 

40 
39 

91 
91 

48 
43 

76 
94 

45 
42 

54 
54 

21 

21 

42 

62 

17 
16 

44 
44 

""84" 

"37" 

"95 

100 

40 

100 

30 

101 

37 

92 

31 

81 

31 

63 

28 

49 

3 

111 

91 

34 

90 

38 

'  89 

33 

82 

24 

71 

25 

52 

22 

43 

—  2 

113 

92 
«7 

40 
43 

94 

98 

48 
1  41 

80 
100 

32 
42 

76 
79 

30 
35 

60 
66 

17 
25 

40 
52 

8 
8 

"96" 

"46" 

164 
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Table  or  Maximum  and  Minimum  Tempbratubbb  akd 


January. 

February. 

Mftrab. 

April. 

Mv 

stations. 

1 

s 

1 

.a 

1 

1 

i 

1 

i 

1 

Michifiran— Continued. 

43 
ftt 
W 

4H 

H2 

5« 
63 
44 
45 
62 
4H 
47 

-  1 

2 
fi 

3 

-3 

-  7 
4 

-r, 
—10 

49 
61 
64 
54 
61 
60 
62 
47 
50 
62 
44 
52 

11 

14 
•J 
11 
12 
11 
-  4 
6 

4.^ 
54 
55 

48 
S!> 
50 
54 
4i» 
46 
5r, 
48 
4ti 

-  fi 

-5 

—  5 
-15 

3 
0 
-5 
-8 
-21 
-3 
-26 

72 

80 
7« 
76 
75 
70 
72 

eri 

74 
76 
74 
74 
72 
77 
76 
70 
•78 
75 
65 
73 
74 
77 
73 
76 
74 
Ki 
75 

12 
IS 
27 
12 
21 
S8 
24 
16 
4 
25 
11 
7 
6 
16 
21 
25 
23 

in 

14 

25 
24 
21 

"fi 

2 
22 

o 
83 
»4 
88 
86 
83 
80 
83 
72 
86 
88 

-& 

78 
86 
87 
84 

» 
32 
24 
32 
33 
32 
22 
2S 
33 
27 
20 
24 
28 
29 
31 

BtTrlen  Springs' 

Binning  ham 

OheWa 

63 
64 
57 

r>r. 

62 

:t 

(i 

3 
1 

62 
62 
62 

5K 
62 

10 
14 
10 
13 

58 

57 
50 
50 
54 

0 
2 
0 
0 
-  1 

Oolim 

BO 
84 
77 
84 
86 
76 
88 
77 
80 
82 
86 
83 

"m" 

84 
83 
78 
85 

78 
88 
81 
82 
76 
» 
« 
83 
73 
S3 
85 
BO 
82 
87 
64 
86 
87 
85 

29 

as 

30 
32 
» 
30 
30 

2B 
28 

28 

"Hi 

30 
36 
30 
£> 
38 
37 
29 
23 
21 
30 
32 
35 
27 

a 

30 
2B 
29 
W 

^ 
20 

31 

l>.V-«Wl  I.-all« 

4.1 
66 

-a) 

S 

12 

56 
57 

-26 
4 

no 

61 

42 
47 

6 

-  I 
-11 

62 
41 
r.:t 

1 

!) 

57 
&4 
47 
47 

-10 

--i 

-27 

Kvurt 

62       :t\    6i 
4»  ;-!.".  ;    4(1 
4(1  !      1       41 
IMi  i      4      62 

11 

52 

50 
4H 

5S 

—  4 

-34 

—14 

3 

76 

»n6 

58 
76 
74 
61 
76 
70 

ie 

T6 
75 
5E) 
74 

12 

16 
23 
15 
1 
17 
23 
18 
21 
5 
1 
10 

Fort  MHclcinac 

Fort  Wuj-nc 

Ouylonl 

cnidwin 

Gi'unlH«vcn 

GrwiilRttpidB 

(JtHlW 

Cruvlint' 

Gullivor  LaMe 

Hanover 

37  j      :t      47        1 
.'il  .      1       l<\  1      5 
(U       r.  1    r,i  !    ]:t 
61  :    1 :  r>fl     11 

(Ml      2  1     64  !     11 

4H  1-  I        4(i  i      2 

41  -14  !   ;hi  —  4 
112        .-!      61        7 

.17  1-31 
4(1  —17 

51 ;—  4 

57  —10 
5(1        0 
44  —35 
46  -26 
54        1 

13 
21 
12 
20 
29 
20 
25 
19 
19 
11 
6 

Hurrisvlllo 

Hai-t        

ai  '—  ]  !  w  j—  s 

49  !— 14  1    77 

III    1        1    ;      111          11 

i'.»J  '      4  !    62  1      !l 

611 1    ]  i  hi)  j   1(1 

61  :      0  j    04  .    14 

"ftVl— ".iT"«.V^"'s" 

so '-  1 
53  :     0 

"mP-'a 

41  !      5 

-3 

i 

TO 
W) 
70 
76 

hhv."'^':;:::::::::: 

Hisrhland  station... 

lUIlsdulo 

H-woll 

Hudson 

T-nlii 

Jocksun 

..^- 





..". 
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June. 

■ 

July. 

August. 

Septem- 
ber. 

October. 

Novem- 
ber. 

Decem- 
ber. 

• 

9 

• 

• 

• 

• 

• 

t 

• 

.9 

• 

• 

a 

• 

a 

i 

• 

d 
•*4 

i 

s 

^ 

^ 

^ 

^ 

1 

a 

s 

a 

s 

s 

s 

s 

2 

0 

o 

0  . 

0 

0 

0 

o 

0 

0 

0 

0 

0 

0 

o 

0 

■$i 

40 

96 

42 

101 

40 

92 

31 

79 

26 

63 

19 

47 

7 

106 

97 

'46 

94 
93 
04 

46 
40 
44 

99 

47 

88 

40 

76 

34 

65 

26 

50 

9 

104 

92 

40 

96 

40 

86 

34 

74 

27 

65 

12 

49 

5 

93 

90 

40 

93 

46 

94 

42 

82 

30 

72 

28 

52 

18 

42 

2 

94 

90 
90 

45 

39 

91 

44 

84 

44 

'74 

34 

68 

27 

45 

17 

43 

1 

99 

94 

a5 

94 

42 

91 

33 

83 

26 

71 

26 

57 

20 

45 

0 

115 

93 

40 

93 

48 

96 

43 

86 

36 

76 

25 

64 

25 

46 

11 

99 

89 

39 

92 

47 

87 

43 

84 

20 

70 

32 

55 

21 

46 

2 

118 

96 

88 

85 
34 

58 
50 

20 
20 

91 

41 

84 

35 

84 

25 

68 

27 

45 

—  3 

•  —  w 

85 
98 

85 
35 

94 
98 

43 
44 

98 
101 

32 
39 

89 
89 

28 
31 

80 
82 

25 
28 

48 
47 

4 
5 

66 

13 

99 

92 

42 

94 

47 

-96 
04 
97 

42 
44 
38 

84 

34 

76 

26 

68 

24 

41 

13 

96 

95 

41 

95 

44 

87 

32 

78 

27 

61 

17 

44 

8 

98 

98 
91 

41 

40 

94 
84 

38 
31 

88 

40 

78 

22 

74 

24 

50 

13 

46 

—  1 

117 

94 

45 

96 

52 

92 

46 

85 

39 

74 

29 

66 

21 

48 

10 

92 

93 
95 
92 

41 
40 
42 

98 

48 

95 

42 

93 

48 

96 

40 

89 

32 

70 

Z'y 

a5 

17 

47 

6 

101 

96 

42 

90 

43 

89 

34 

79 

28 

72 

28 

55 

.38 

47 

2 

117 

90 
92 
95 

31 
41 
36 

86 
95 
95 

38 
42 
42 

85 
99 
97 

30 
40 
36 

73 

23 

60 
65 

68 

17 
19 
13 

45 
45 
46 

—  9 

11 

3 

86 
88 

32 
30 

77 

25 

92 
87 

37 
34 

96 

88 

44 
40 

99 
82 

38 
35 

92 
80 

31 
32 

47 
42 

4 
^5 

~ 

72 

28 

52" 

4 

79 

40 

81 

47 

77 

45 

75 

35 

62 

29 

48 

21 

44 

3 

95 

95 

39 

97 

47 

94 

40 

88 

34 

75 

26 

65 

13 

49 

5 

94 

95 

42 

91 

43 

95 

37 

86 

29 

74 

26 

57 

23 

52 

—  2 

108 

90 

35 

88 

36 

79 

31 

61 

50 

19 

44 

h-11 

.  95 
89 

35 
43 

76 

78 

24 
32 

63 
56 

20 
27 

42 

48 

—  4 

6 

86 

48 

90 

42 

83 

34 

94 

97 

39 

97 

42 

98 

37 

92 

33 

79 

26 

59 

23 

48 

3 

108 

99 

36 

96 

42 

96 

44 

86 

36 

73 

29 

65 

18 

55 

8 

99 

95 

32 

90 

38 

92 

31 

91 

22 

74 

23 

56 

18 

45 

^14  130 

90 

42 

84 

43 

80 

a5 

73 

27 

70 

24 

50 

19 

41 

1 

116 

94 

40 

92 

47 

96 

42 

85 

34 

76 

31 

64 

19 

55 

6 

95 

96 
95 

38 
35 

94 
94 

42 

40 

91 
95 

37 
35 

85 
88 

27 
29 

77 
74 

26 
27 

46 
41 

2 

52 

16 

—  6  100 

90 

32 

92 

39 

86 

36 

82 

30 

70 

26 

58 

22 

46 

—  2  106 

05 

36 

90 

38 

96 

40 

83 

24 

74 

24 

60 

2,5 

50 

10  111 

94 

42 

93 

48 

94 

40 

85 

32 

76 

30 

61 

22 

48 

11 

96 

01 

40 

90 

46 

88 

36 

88 

31 

70 

31 

62 

26 

49 

7 

98 

02 

38 

93 

44 

95 

40 

88 

32 

72 

26 

70 

11 

45 

1 

96 

03 

44 

94 

48 

96 

40 

85 

33 

77 

32 

63 

18 

45 

4 

96 

05 

34 

95 

41 

99 

36 

90 

29 

76 

2.5 

61 

14 

47 

3 

03 

33 

95 

40 

93 

36 

84 

28 

81 

83 

68 

12 

50 

1  101 

05 

08 

40 
33 

95 
95 

42 

40 

99 
92 

41 
33 

79 
76 

30 
26 

69 
54 

18 
20 

48 
45 

—  5 

1 

86 

25 

117 



100 

38 

85 

30 

74 

27 

•63 

•18 

48 

10 

•»• 
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Table  op  Maximum  and  Minimum  Tsmpbbatubbb  aks 

Jumar)-. ' FubruarjJ    March. 


Mich  igHn — Cont  in  iied . 

.leddo 

KHiamazoo 

Laneini;' 

Lanitinfc' 

Lathrop 

Madison 

ManiHtcc 

Manton 

^larauctto 

Mai-Jhall 

May 

Mio 

Montaskic 

Mottviilc 

North  Marshall 

Northpoi't J. 

Olivet 

Ot«ego 

Ovid 

Paw  Paw 

Pontiac 

Port  Huron 

ItaweoQville 

Humeo 

Ho»(!oiiimon  .■ 

St.  I^naco 

St.  .lohna -. 

Sand  Beach 

Sauit  dc  St.  Klarie . 

Slaiiditth 

Stanton 

Thornville 

Vandalla , 

Wash  npton.- 

■Wflldon  Creek , 

"West  Branch , 

WitlianiHton , 

White  Pigeon 

Yiwllaati' 

YiMilanli* 

MinncHuta : 

Crookston 

Uuluth 

Faimington 

FortSnelling 

Grand  Meadow 

Lake      Winnibigo- 

Hhi»h  Dam 

Leech  Lake  Dam.,. 

[xiSiiciir 

Matikato .-. 

Mcdtord 

Minneapolis 


;;;; 

! 

frf) 

*i 

0 

m 

■' 

M 

_  ;> 

ct; 

1 

«i 

n 

IKt 

Kll 

R 

B4 

1 

-5i  «■-» 
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Annual  Ranqe  of  TsifPERATURE  for  1890,  etc.— Continued. 


June. 

July. 

August. 

Septem- 
ber. 

October. 

Novem- 
ber. 

Decem- 
ber. 

• 

9 

• 

. 

• 

3 

• 

s 

* 

• 

9 

• 

■ 

8 

• 

9 

5 

• 

9 

• 

• 

S 

9 

0 

0 

0 

0 

0 

§ 

0 

0 

0 

0 

S 

2 

K 

0 

0 

0 

0 

0 

00 

40 

90 

50 

88 

40 

85 

42 

72 

29 

60 

25 

44 

12 

90 

92 

50 

94 

52 

100 

42 

86 

36 

76 

32 

64 

26 

50 

13 

100 

92 

39 

92 

43- 

95 

39 

89 

30 

76 

26 

62 

20 

47 

9 

99 

94 

40 

94 

44 

96 

40 

89 

32 

76 

26 

62 

21 

47 

10 

99 

90 

40 

94 

40 

87 

30 

81 

30 

70 

26 

50 

14 

42 

—  6 

120 

97 

39 

96 

47 

98 

43 

86 

36 

78 

30 

65 

18 

46 

9 

97 

S4 

44 

89 

48 

91 

40 

84 

34 

67 

31 

53 

26 

45 

8 

98 

91 

35 

M 

42 

91 

33 

83 

26 

71 

26 

57 

20 

44 

0 

115 

89 

40 

91 

46 

84 

39 

81 

34 

70 

28 

50 

19 

48 

3 

103 

97 

47 

96 

43 

99 

40 

88 

31 

77 

28 

63 

19 

46 

6 

101 

90 

40 

93 

46 

98 
90 
88 

40 
35 
38 

92 

36 

75 

25 

61 
59 
53 

24 
22 
27 

46 

8 
..... 

104 

*"89" 

"38' 

"85" 

"42" 

"so" 

"*30" 

"73' 

"3i" 

"45" 

166 

95 

37 

96 

42 

101 

39 

90 

34 

73 

31 

53 

27 

49 

5 

104 

91 

32 

94 

46 

97 

41 

76 
67 
74 

25 
30 
25 

69 
51 
61 

11 
20 

18 

45 
46 
46 

5 
11 

7 

"82* 
d6 

34 

'"ii" 

"39* 

"96" 

"44" 

"94" 

"38" 

"99 

96 

36 

98 

43 

99 

35 

90 

30 

80 

28 

64 

20 

48 

9 

103 

94 

38 

96 

43 

98 

39 

90 

31 

73 

26 

60 

26 

44 

7 

103 

96 

36 

96 

41 

99 

31 

90 

29 

78 

30 

65 

20 

49 

6 

109 

87 

45 

88 

54 

89 

47 

82 

42 

70 

31 

62 

23 

48 

11 

85 

94 

40 

95 

47 

93 

44 

87 

40 

73 

27 

63 

23 

47 

5 

93 

92 

42 

95 

50 

90 

42 

82 

42 

74 

32 

60 

20 

42 

13 

95 

96 

44 

98 

43 

100 

44 

Q? 

34 

74 

29 

68 

14 

48 

8 

97 

98 
93 

39 
31 

95 
93 

48 
35 

85 

37 
19 

75 
73 

26 
21 

63 
57 

20 
17 

46 
46 

6 
—12 

"96' 

"36" 

125 

84 

38 

85 

45 

83 

38 

83 

30 

64 

28 

45 

20 

42 

3 

108 

97 

40 

93 

49 

95 

39 

91 

31 

74 

27 

63 

24 

48 

9 

100 

89 

37 

93 

42* 

92 

40 

86 

33 

67 

28 

64 

23 

47 

6 

96 

86 

36 

86 

44 

82 

38 

79 

33 

70 

29 

49 

15 

42 

—  7 

113 

96 
92 

42 

41 

98 
96 

38 
35 

89 

88 

28 
29 

79 
73 

25 
24 

50 
63 

12 
20 

40 

48 

—  4 

5 

"95" 

"35" 

106 

91 

42 

94 

49 

98 

42 

90 

35 

75 

29 

65 

23 

48 

8 

100 

92 

40 

92 

46 

96 

42 

84 

30 

75 

33 

62 

24 

45 

13 

98 

89 

39 

92 

44 

95 

40 

86 

32 

74 

26 

63 

19 

48 

3 

95 

94 

36 

91 

38 

94 

31 

85 

24 

74 

24 

57 

25 

47 

5  111 

92 

34 

92 

41 

90 

37 

86 

27 

72 

26 

59 

21 

47 

—  4 

105 

90 

40 

90 

50 

95 

40 

84 

35 

74 

32 

62 

26 

54 

12 

95 

90 
90 

40 
37 

92 
92 

42 
43 

98 
94 

3« 
39 

86 
82 

30 
32 

74 
70 

28 
26 

46 
40 

♦> 
4 

"63" 

..... 

"93 

91 

42 

93 

49 

94 

44 

85 

37 

72 

28 

65 

10 

45 

8 

89 

96 

42 

100 

38 

94 

33 

85 

29 

79 

28 

60 

4 

48 

—22  130 

91 

41 

92 

48 

Sfi 

45 

81 

:i> 

m 

24 

53 

14 

50 

—  5  111 

92 

54 

96 

50 

92 

44 

80 

32 

66 

24 

54 

8 

46 

0 



94 

49 

98 

46 

94 

39 

84 

30 

6:{ 

19 

01 

* 

54 

—  0 

126 

100 

50 

99 

49 

97 

42 

89 

29 

i\H 

16 

60 

t\ 

47 

1 

94 

49 

91 

52 

84 

46 

78 

31 

73 

2r> 

50 

5 

40 

—17 

124 

94 

37 

91 

43 

88 

36 

78 

25 

21 

59 

~  4 

44 

-21 

129 

95 

54 

97 

60 

«93 

•46 

85 

34 

d72 

<*20 

«"59 

*  3 

*>50 

— ^1 

121 

90 

50 

&4 

00 

91 

43 

84 

33 

70 

23 

62 

9 

55 

—  8 

110 

91 

42 

95 

43 

92 

36 

87 

24 

72 

15 

02 

—  1 

*  A 

94 

54 

95 

58 

94 

50 

85 

35 

70 

20 

.  55 

8 

""si" 

ll'i" 

116 
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Table  of  Maximuh  and  Minucuk  Tehpkratcbis  ahd 


i  i 


MinnQBota — Coatlnucd. 

Montorideo . 

MoorhMd 

Northfleia ".'. V.  II ' '. ' 

Owatonna- _ 

Ptne  River 

Pokenma  Falls 

Hedwlnfr----- 

Bolllnff  Gre»n 

St.ChwloB 

St.  Paul 

St.  Vincent 

Sheldon 

MlsalBsippl : 

AburdBen 

ABi'lculluralCol  lego 

BuloavUla      

Bay  St.  Louta 

BoooevlUe    

Broakhaven 

Onnton 

ColumbuB' 

Columbus* 

Corinth 

EdwMds 

Entorprlso 

Grl-enviil'o!""!"" 

Hatlltabui'if 

HiLxk-liurst 

Hui-nandu 

Holly  Springs' 

Holly  Sjirintta' 

JovkBon  

KoBciutko      _. 

Ijiki-     __ 

Uptown. _ 

LoiliHVtllt! 

Moi-on 

Mi^Hdlmi'  .- 

Muss  Point 

Xutchuz* 

Natclit!/' 

Okoiona 

PuloAlto 

Pt.'nrlinnton 

PontwIiH' 

Porl  (.iilison 

llionKi 

Summit 

V.ii(K'n   ,;.'."'"II!! 

WiiMliinyt"" 

I  ifljis  n.  yuliirlie.        :  Cutton 


If 


PI)  I    3(4  i    82  I 


2»  I      .n  I     -I 

I  ilii 


«2  ■    2S 
HI  I    i;4  I     X2 
ii'll.      ■■  Sir.  T.  B. 


30 
1« 

(i4 
Al 

KT. 

Kli 

U 

'R.1 

n 

(U 

ii> 

HH 

Ki 

sa 

U 

m 

fit : 

tH 

S3 

HI 

,w 

47 

.;«t 

m 

m 

so 

4?. 

m 

42 

IW 

M 

w 

41) 

V. 

«l 

m 

41 

Hfl 

U 

M 

tK 

44 

»4 

4t) 

m 

54 

:w 

Ml 

4» 

TO 

Mi 

(W 

m 

M 

41 

fW 

TpO 

III 
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Annual  Ranos  op  Temperature  for  1890,  etc.— €k>ntinued. 


June. 

July. 

AugfUBt. 

^£ 

tern* 

October. 

Novem- 
ber. 

Decem- 
bar. 

• 

1 

• 

1 

0 

• 

1 

0 

• 

0 

1 

0 

« 

G 

H 

1 

« 

0 

• 

1 

0 

• 

1 

0 

• 

0 

■i 

0 

• 

a 

■ 

d 

0 

• 

bo 

o 

• 

0 

0 

0 

01 

44 

03 

50 

94 

38 

84 

31 

71 

20 

69 

4 

63 

-13 

120 

91 

44 

08 

46 

93 

36 

86 

30 

76 

24 

63 

2 

47 

-18 

129 

02 

48 

02 

50 

97 

37 

87 

31 

75 

24 

69 

3 

48 

-13 

124 

02 

52 

04 

51 

92 

42 

87 

28 

69 

19 

60 

2 

63 

—10 

119 

M 

60 

01 

46 

88 

46 

80 

26 

75 

22 

60 

—  7 

42 

-10 

130 

94 

43 

02 

38 

89 

34 

81 

24 

76 

12 

59 

—  7 

44 

-24 

132 

02 
90 

52 
52 

03 
03 

49 

58 

92 
89 

44 

40 

68 
70 

21 
21 

56 
56 

7 
6 

"84" 

''si' 

62 

-10 

113 

93 

54 

04 

53 

91 

45 

85 

81 

76 

19 

62 

8 

60 

1 

114 

04 

51 

04 

61 

92 

43 

84 

31 

71 

22 

59 

9 

63 

—  3 

116 

04 

40 

05 

43 

92 

30 

82 

29 

78 

23 

67 

—  2 

62 

-27 

133 

60 

64 

60 

32 

21 

12 

46 

-10 

— 

98 
95 

60 
65 

98 
96 

56 
66 

94 
90 

52 
57 

88 
87 

48 
62 

84 
83 

26 
34 

78 
79 

24 
32 

72 

26 

77 

98 

64 

98 

58 

94 

64 

92 

51 

87 

29 

79 

29 

73 

21 

79 

88 
89 
96 

60 
44 
50 

86 

49 

78 
75 

85 

43 
35 
27 

70 

t68 

78 

38 

«25 

20 

98 
98 

60 
62 

100 
99 

64 

"'97" 

'hi 

92 

36 

79 

95 

66 

92 

65 

90 

61 

88 

53 

84 

37 

79 

32 

73 

24 

72 

104 
106 
100 
101 

66 
62 
64 
68 

100 

100 

96 

96 

58 
58 
49 
64 

94 
95 
90 
92 

52 
50 
50 
52 

• 

• 

104 
98 
98 

61 
50 
65 

88 
90 

88 

33 
30 
36 

80 
80 
83 

29 
28 
31 

74 

24 

80 

88 
91 
89 

49 
53 
54 

86 

87 
85 

31 
40 
41 

80 

29 

73 

78 
69 

25 
28 
27 

95 
98 

a5 

66 

97 
98 

65 
67 

93 
93 

61 
64 

80 

"37" 

99 

61 

96 

70 

94 

60 

91 

57 

91 

41 

83 

35 

78 

31 



95 
92 
94 

64 
58 
65 

97 
96 
96 

64 
53 
68 

9o 
90 
90 

63 
56 
62 

93 

86 
86 

47 
52 
52 

89 
84 
84 

:J5 
30 
34 

84 
74 

78 

28 
32 
34 

66 

23 

78 

98 
98 
94 

60 
60 
63 

100 

100 

97 

01 
64 
60 

93 
94 
93 

56 
60 

58 

89 
92 

88 

46 
50 
50 

86 
90 
85 

30 
36 
31 

76 

82 
82 

30 
32 
29 

75 

22 

i  1 

96 
94 

61 
69 

97 
94 

60 
70 

94 
91 

53 
66 

89 
90 

50 
54 

82 
80 

30 
40 

72 

84 

24 
32 

77 

28 

70 

102 

60 

103 

60 

98 

56 

m 

48 

93 

31 

89 

25 

76 

19 

88 

100 
96 

48 
63 

98 
97 

50 
61 

94 
92 

58 
58 

90 
90 

40 
50 

89 

87 

40 

83 

79 

a5 

28 

72 

25 

78 

98 

68 

97 

71 

94 

66 

92 

54 

86 

37 

79 

36 

76 

30 

73 

91 

97 

103 

95 

67 
66 
62 
68 

92 

98 

104 

96 

69 
66 
60 
65 

92 
96 
98 
92 

66 
64 
54 
59 

02 
92 

89 

53 
50 
51 

8(5 

40 
30 
33 

85 
79 

86 

3() 
26 
31 

1 

76 

25 

76 

90 

74 

93 

73 

91 

66 

H9 

57 

85 

48 

Ki 

42 

78 

34 

r,:{ 

94 

64 

95 

58 

90 

54 

87 

52 

83 

31 

78 

2t) 

70 

22 

mm  ^ 

i  i 

95 
101 

61 
67 

99 
96 

64 
06 

96 
93 

59 
62 

94 
90 

52 
54 

80 
80 

32 
31 

86 
79 

26 
31 

70 

•76 

74 

28 



01 

66 

100 

()2 

93 

60 

90 

50 

8R 

29 

81 

29 

20 

m 

103 

63 

104 

57 

101 

58 

98 

51 

95 

30 

88 

26 

81 

20 

94 

66 

99 

68 

93 

65 

91 

53 

88 

38 

8:1 

.  35 

79 

27 

75 

04 

66 

98 

66 

94 

03 

91 

52 

88 

38 

83 

31 

74 

26 

75 

632 
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Table  of  Maximum  and  Minimum  Temperatures  avd 


Januaiy. 

February. 

March. 

April. 

May. 

Stations. 

s 

s 

0 

79 

78 

• 

.9 

a 

o 

24 
26 

i 

0 

78 
84 

• 

a 

a 

0 

26 
31 

1 

0 

81 
82 

• 
d 

0 

19 
20 

• 

s 

0 

88 
85 

• 

3 
S 

0 

46 
37 

a 

• 

Mississippi— <^ntinued. 

Water  Valley 

Waynesboro'^ 

Waynesboro 

0 

96 
88 
92 
87 

0 

46 
45 
44 
44 

West  Point 

77 

20 

88 

45 

Missouri : 

Adrian 

Appleton  City 

Austin -_  ...... 

73 

1. 

72 

—  1 

74 

5 

85 

27 

90 

33 

Bethany 

60 

—11 

54 

—  5 

55 

—13 

71 

27 

86 

36 

Bradley ville 

Brunswick 

66 
60 
73 

3 
—  6 
5. 

70 
65 
75 

—  4 

—  3 

—  1 

70 
58 
75 

3 
0 

9 

87 
76 
84 

29 
30 
35 

90 
80 
84 
86 
92 
90 
86 
90 

33 
37 
41 
36 
31 

Carrollton 

Carthafe 

Cassville 

Centerville 

1 

0 
—19 
—15 

"75" 
68 
60 

5 

—  1 

—  8 

—  5 

"'76' 
71 
70 

—  8 

—  6 

—  3 
10 

"88" 
87 

27 
29 
24 

Columbia 

70 
56 
66 

33 

Conception 

Craie 

31 
38 

Concordia . .  . 

Dadeville . . . 

« 

Eldon 

•  •  "  ~ , 

96 
90 

89 

84 

40 
32 
32 
35 
34 

Elxcelsior  Springes.. . 
Pavette 

65 
68 

—  6 

—  1 

71 
71 
67 
72 

"7i" 

—  3 
0 

—  9 
2 

—  2 

—  1 

71 
69 
66 
66 

"68" 

—  4 

—  2 

—  0 
4 

—  4« 

—  3 

85 
85 
88 
82 
80 
86 

29 
29 
26 
26 
30 
2d 

Fortescue 

58  —15 

Pox  Creek 

66 
62 
70 

4 
—  1 
~3 

Prankford . 

Glasgow 

88 

34 

Qlen  wood 

Grand  Pass 

68 
52 
60 

-  3 

0 

1 

70 
70 
72 

0 
2 

—  1 

70 
44 
71 

0 
0 
4 

S8 
92 
86 

30 
28 
30 

90 
88 
92 

31 
31 
40 

Hannibal 

Harrisonville 

Hermann . 

Ironton 

76 
75 
67 
68 

10 

i 

—  6 

—  5 
—12 

80 
79 
72 
71 

6 
4 

—  1 
0 

—  6 

74 
70 
74 
73 

4 
1 
4 
5 

88 
90 
91 
89 

32 
26 
29 

ao 

86 
91 
91 
87 

44 

31 
36 
36 

1 
1 

Jefferson  Barracks.. 

Kansas  City* 

Kansas  City" 

Kidder 

Kidder* 

Lamar 

1 

87 
90 

"so* 

94 

32 
38 
31 
40 

33 

1 

I^monte 

70 

0 
—  *) 

! 

■    84 

"82" 
92 

30 
27 
34 
27 

Lamonte 

""78"       2 
70  '-  2 

"72" 
72 

—  4 

8 

1 

Lebanon 

6.-) 

r. 

Liberty 

62  ;~  6 

McCune  Station 

.Marshfield 

71  10 
68—6 

72  i—  8 

(i2  —  :\ 

70         7 
7<i  :     14 
(\:*       16 
70  .      0 

"'58":— i2 

1            !    .      . 

88 

30 

Mlarni^ 

70  ;—  2 

74  —  2 

f)S         0 

70  :     2 
75     1(1 
67  ;     7 

70         6 

74—4 

68—2 

1          1 

Miami* 

85 

28 

95 
86 
92 
95 
85 

32 
38 
37 
38 
33 

New  Frankfort     

New  Haven 

74        4 

77  j      7 
74  !-  2 

78  0 

88 
83 
92 

90 

■ 

30 
35 
27 
32 

Oak  Ridge 

Oregon 

Ozark _ 

Pickering 

Piatt  River ! 

i74 
86 

32 

68  ! 

-  4 

74 

—  4 

86 

■26* 

1 W.  S.  Davis. 
'S.  J.  Spurgeou. 


-Sijmal  Senice. 
4  Robert  Kuxtou. 


*Dr.  A.  W.  Sullivan 
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Annual  Range  of  Temperature  for  1890,  etc.— Continued. 


June. 

July. 

August. 

Septem- 
ber. 

October. 

Novem- 
ber. 

Decem- 
ber. 

• 

a 

• 

• 

0 

• 

3 

• 

1 

0 

■ 

3 

■ 

9 

• 

5 

s 

• 

a 

s 

• 

d 

• 

el 

• 

a 

• 

bo 

a 

0 

S 

S 

;^ 

S 

o 

0 

0 

s 

0 

0 

a 

(§ 

o 

o 

o 

o 

0 

0 

0 

104 

60 

104 

58 

99 

62 

94 

54 

90 

31 

81 

30 

74 

23 

85 

94 

64 

95 

69 

94 

61 

90 

51 

87 

36 

80 

30 

75 

24 

'75 

99 
92 

54 
69 

98 
92 

64 
74 

94 
88 

60 
66 

92 

85 

55 
54 

88 
84 

34 
38 

89 
80 

30 
30 

74 

27 

96 

53 

102 

44 

102 

44 

90 

27 

85 

18 

78 

14 

64 

3 

100 
97 

'54 
•  60 

102 
101 

53 

58 

88 
88 

36 
40 

83 

88 

27 
32 

77 
79 

24 

26 

62 
68 

13 
13 

--  • 

100 

68 

94 

60 

98 

62 

94 

55 

85 

35 

80 

24 

63 

22 

56 

7 

iii 

96 
97 

62 
53 

98 
102 

70 
56 

96 
95 

66 
53 

86 
85 

28 
25 

87 

34 

73 

20 

64 

12 

106 

*95 

60 

99 

59 

94 

52 

87 

38 

80 

26 

75 

27 

61 

10 

105 

96 
95 

54 
50 

99 
98 

66 
53 

85 
«82 

31 
«23 

77 
^75 

29 
d23 

62 

66 

3 
—  3 

96 

50 

88 

35 

... 

97 

45 

97 

42 

94 

41 

90 

a^» 

83 

16 

^ 

16 

64 

—  2 

100 

48 

104 

54 

vV 

47 

90 

34 

88 

22 

80 

23 

65 

I 

no 

95 

52 

100 

56 

96 

49 

88 

36 

80 

22 

68 

20 

64 

6 

119 

99 

60 

107 

78 

102 

72 

90 

60 

86 

54 

74 

42 

62 

.28 

98 
100 

64 
56 

88 
90 

45 
40 

85 
90 

35 
30 

78 
80 

31 
28 

68 
66 

20 

18 

106 

58 

108 

58 

100 

45 

103 

58 

101 

53 

88 

32 

81 

20 

72 

20 

64 

6 

ioo 

100 

51 

104 

50 

98 

52 

90 

36 

86 

22 

80 

22 

64 

2 

106 

95 

54 

102 

58 

96 

54 

89 

41 

72 

24 

72 

22 

70 

2 

117 

95 

58 

96 

56 

94 

50 

92 

40 

84 

24 

74 

28 

64 

14 

96 

97 

52 

103 

55 

98 

52 

89 

36 

85 

25 

79 

22 

63 

9 

106 

«97 
96 

>44 

55 

108 
102 

54 
55 

101 
95 

41 
52 

89 
90 

»>32 
37 

74 
76 

24 
24 

84 

28" 

60 

9 

105 

98 
96 

54 

58 

91 
86 

38 
38 

90 
80 

26 
25 

74 
70 

26 
22 

60 
61 

14 
13 

99 

66 

96 

58 

ioo 

95 
92 
99 

57 
56 
47 

90 
88 
92 

43 
45 
38 

85 
87 
89 

27 
24 
24 

70 

28 

55 

12 

95 

100 

62 
52 

94 
101 

62 
50 

78 

25 

65 

8 

100 

100 

50 

104 

58 

100 

53 

90 

36 

88 

26 

78 

24 

67 

13 

110 

97 

55 

102 

59 

97 

56 

87 

39 

82 

30 

75 

24 

68 

14 

107 

106 

98 

59 
68 

96 

87 

54 
63 

"si" 

38 
55 

"73" 

♦24 
51 

""76" 

28 
44 

91 

67 

66 

Si} 

100 
104 

50 
60 
00 

101 

54 

98 

56 

88 

31 

89 
90 

27 
34 

22 

80 

28 
00 

65 

11 
10 

60 

53' 

33 

94 

60 

94 

64 

92 

62 

86 

40 

80 

28 

76 

30 

76 

30 

92 

103 

49 

105 
93 

54 
71 

90 
85 
89 
90 

32 
7« 
4;') 
34 
34 

82 

24 

74 

68 
.0 

62 
33 

64 
56 

9 
23 

90 

93 

•96 

100 

70 
59 
50 
54 

97 

58 

102 
106 

62 
58 

105 

50 

80 

26 

74 

24 

65 

14  :114 

97 
101 

58 
62 

101 
103 

62 
60 

92 
1  102 

57 
57 

8;-> 
95 

40 
43 

84 

28 
26 

■ 

86 

26 

(i2 

14  101 

103 

60 

102 

57 

j  99 

52 

9G 

4;-) 

84 

30 

^76 

1  30 

65 

18 

96 

96 

50 

103 

56 

m 

1  **- 

92 

:i3 

78 

27 

;  73 

21 

70 

6 

119 

92 

50 

110 

55 

i  ^ 

48 

1  74 

30 

70 

19 

61 

14 

54 

—  1 

96 

46 

100 

56 

i  9C 

52 

Vm 

32 

80 

24 

1  64 

30 

60 

8 

ii2 
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Table  of  Maximuu  and  Minimom  Txhpeeutcbu  Aim 


January. 

Pebruari" 

Mart'h. 

April. 

Mv:     j 

StatiotiH. 

1 

s 

1 

i 

i 

3 

1 

1 

Missouri-Continued. 
Princeton 

60 
(11 

*:4 

-10 

5 
8 

60 
76 

78 

0 

—  4 

2 

4 

12 
70 
6tl 

—11 

4 

6 

SO 
85 
89 

27 
27 
30 

91 

86 
90 
85 
90 
8S 

as 

30 

37 
33 
35 

36 

Sedalia, 

-  3 

4 
8 

70 

"6 
78 

—  4 
3 

73 

75 
71 

6 
-2 

86 
88 
89 

27 
32 
32 

Sprinirfleld'  

Stellada  . 

46 
39 
46 
» 
48 
40 

se 
n 

Wairensburg 

Wartenton     

Willow  Springs 

66 

60 
6i> 

-  3 

8 
8 

60 

62 
70 

it 
0 

70 

"79' 

m 

68 

•56 
52 

3 
0 
4 
9 
0 

—•4 

86 

"92' 
SO 
76 

•79 
83 

W 

37 
S2 
38 
22 

•7 
IB 

•84 

SS 
97 
SO 
86 

Withers  Mill 

MonUna: 

Camp  Poplar  Itiver - 

88 

-39 

45 

-46 

Fort  AsBinaboino'... 
Port  Assinaboioe'--. 

PortCuBter* 

FortCuBttp* 

45 

iC, 

4.'> 
45 
45 

4H 

-38 
-39 
->t2 
-32 
-3.1 

42 

50 

m 

64 
52 
52 

fig 
(to 

42 

5(i 
50 
57 
48 
50 
48 
50 

-40 
^0 
-34 
-34 
-47 
-40 
—4:1 
-43 
-18 
-39 
-44 
-29 
-42 
-41 
-38 
-24 

52 
52 
65 
65 

—  7 

—  4 

83 
79 
80 
80 

B4 

80 
74 
86 
83 
89 
78 
82 
84 
88 
73 

84 
BO 

fil 
82 
84 
81 

84 

82 
84 

87 
86 

12 

I 

7 
5 
0 
IS 
12 
18 
16 
19 
20 
11 
15 
26 
15 

45 
«> 

50 
65 
48 
47 
.  63 
40 

17 
» 
38 
28 

85 
80 
88 
68 
93 
78 
8L 
74 
85 
83 
94 
82 
82 
97 
86 
78 

30 
98 
83 
B 
82 
86 

31 
30 

^ 

19 
2S 
2B 
27 
34 
33 
26 
32 
30 
21 
42 
29 

8 

68  1—10 

Port  MaginniB 

Fort  MaginniB' 

Fort  Missoula 

49  I-38 
40  !— 18 

44  '    ■id 

S2 

.'A 
67 
69 
59 
53 
69 
58 
57 

84 

90 
84 

81 
77 

82 
82 

4 

1-i 
12 

-15 
4 

-  8 
20 

32 
47 
36 
61 
38 
46 
60 
34 

Maptiosdale 

Powdor  River 

4» 
45 
W 
4G 
43 

82 
77 

78 
70 
71 

-2.T 

-24 
— 2T 

38 

41 
41 
01 
40 
37 

Virginia  City 

Mexico  r 

La  IjJEia 

86 
81 

77 
79 

43 
39 
61 
34 

r,.;oudc  Aldemas... 

551 

'    1 

71) 

i<0 

bt 

Zuoatccaa 

Nebraska: 

75 

31 

87 

94 
94 
91- 
90 

46 

36 
20 
29 
St 

70 
63 

"'M    ""79" 

6 

50 -ai 

—14 

ningham-- 

57  !— 18 

g 

68 
68 

— 19  1    64 

3 

-4 

3 

3 

80 
85 
89 
89 

88 

12 
11 
20 
20 
32 

92 

88 
98 

28 
36 

Uiilbertsoii~ .... 

57 

-18 
—18 

—14 
—14 

67 
67 
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AmnTAL  Range  of  Temperature  for  1800,  etc.— 0)ntinuecl, 


June. 

July. 

August. 

Septem- 
ber. 

October. 

•Novem- 
ber. 

Decem- 
ber. 

■ 

1 

■ 

• 

1 

0 

• 

0 

• 

1 

• 

a 

o 

• 

1 

O 

• 

a 

• 
M 

3 
o 

• 

o 

■ 

S 

0 

• 

a 
2 

0 

2 
0 

• 

.s 
a 

0 

• 

0 

o 

o 

0 

103 

61 

106 

69 

106 

51 

90 

34 

85 

24 

70 

23 

65 

^  8 

117 

01 

61 

09 

50 

97 

48 

90 

37 

88 

24 

79 

25 

60 

12 

97 

08 

57 

08 

57 

97 

54 

92 

41 

89 

29 

76 

32 

63 

17 

94 

05 

60 

08 

54 

95 

53 

89 

39 

84 

27 

76 

26 

65 

-2 



00 

63 

102 

57 

100 

44 

89 

37 

86 

36 

78 

24 

60 

11  106 

06 

64 

95 

69 

94 

56 

87 

38 

84 

29 

78 

20 

64 

11 

98 

-«*«. 

04 

52 

94 

49 

82 

40 

86 

20 

72 

20 

64 

—  2 

96 

60 

60 

99 

63 

88 

37 

<»86 

26 

21 

63 

10 

08 

66 

•105 

65 

•99 

65 

88 

40 

84 

29 

74 

26 

66 

19 

108 

00 
106 

60 
60 

103 
05 

65 
50 

40 
42 

"*84" 

26 
28 

"'75' 

20 
26 

58 
61 

16 

8 

94 

53 

90 

mi 

00 

60 

05 

60 

99 

53 

88 

37 

86 

26 

71 

21 

63 

10 

93 

06 

60 

103 

62 

99 

58 

84 

32 

86 

Zi 

78 

26 

60 

16 

103 

88 

35 

94 

40 

84 

38 

80 

10 

69 

22 

67 

4 

64 

—  8 

01 

88 

00 

43 

99 

34 

92 

29 

86 

21 

65 

8 

57 

—  4 

145 

03 

36 

07 

40 

91 

38 

85 

24 

78 

21 

72 

4 

61 

2 

07 

30 

99 

43 

94 

44 

86 

26 

71 

22 

68 

9 

66 

—12  139 

06 

40 

99 

44 

94 

40 

87 

26 

71 

22 

08 

9 

56 

—12  1.39 

01 

40 

100 

48 

96 

39 

88 

29 

88 

24 

74 

10 

68 

—  7  134 

01 

40 

100 

48 

96 

39 

88 

29 

74 

24 

74 

10 

58 

—  7  134 

06 

39 

105 

41 

102 

34 

98 

29 

94 

18 

72 

8 

64 

—10 

152 

86 

»85 

86 

00 

30 

*36 

80 

33 

94 

35 

89 

33 

82 

17 

67 

11 

1 

104 

38 

93 

40 

87 

25 

70 

20 

60 

10 

51 

■•-, 

122 

100 

41 

101 

43 

92 

40 

88 

24 

79 

24 

72 

8 

58 

0 

140 

04 

37 

105 

50 

106 

41 

90 

31 

82 

26 

68 

14 

60 

—  1 

150 

01 

40 

96 

48 

91 

45 

84 

2<5 

69 

26 

66 

9 

54 

2 

125 

02 

32 

102 

33 

94 

40 

80 

30 

70 

20 

66 

5 

49 

0 

144 

01 

41 

107 

44 

101 

39 

93 

26 

75 

19 

69 

5 

57 

—15 

148 

02 

86 

44 
32 

92 

30 

88 

40 

78 

23 

67 

16 

59 

4 

46 

5 

119 

81 

102 

87 

57 

78 
55 

102 
02 

65 
66 

98 
83 

80 
55 

100 
80 

70 

48 

90 

81 

60 
47 

96 

77 

52 
41 

72 

34 

59 

80 
83 
83 

76 
51 
50 

88 
78 
82 

7C 
50 
4G 

90 
70 

81 
90 

78 

75 
51 
50 
80 
4G 

90 
72 

77 
46 

89 

74 

86 
72 

81 

as 
74 

70 
39 
37 
04 

:^o 

92 
77 

78 
41 

90 
81 

73 
33 

80 

41 

83 

4:^ 

73 

28 

06 

105 

32 

105 

41 

102 

37 

93 

20 

79 

8 

74 

4 

67—3 

108 

38 

109 

47 

10^3 

39 

97 

24 

81 

20 

79 

0 

74—4  135 

100 

46 

104 

52 

100 

48 

94 

30 

79 

21 

08 

18 

H9  i   4 

08 

63 

100 

58 

95 

52 

100 

31 

82 

22 

72 

12 

70 

—  5 

102 

;n 

8vS 

»>.) 

72 

k; 

k82 

*2 

08 

86 

105 
103 

49 

r>2 

103 
100 

38 
45 

101 
9<j 

2S 

72 

82 

20 
2.-) 

66 
71 

7 
16 

59 
74 

0 

5 

74 

121 

08 

44 

lo:^ 

52 

100 

45 

90 

31 

82 

20 

71 

10 

74 

5 

121 

105 

63 

110 

01 

M  •-  »  W  «> 

-— 

636 


BEPORT  OP   THE   CHIEF  SIGNAL   OFFICER. 


Tabus  of  Maximum  and  Minimum  Temperatures  ahd 


Stations. 


Nebraska— Continued . 

David  City 

DeSoto 

Ericson 

Fairbury 

Fairfield 

Fort  Niobrara 

Fort  Omaha 

Fort  Robinson 

FoFt  Sidney 

Franklin 

Fremont 

Genoa 

Geringr 

Grand  Island 

Hastings 

Hav  Springs 

Hebron 

Holdrege 

Howe 

Imperial 

Kennedy 

Kimball 

Lexington 

Lincoln 

Long  Pine 

Marquette 

Minden 

Nebraska  City 

North  Loup 

North  Platte 

Omaha 

Oakdale 

O'NeUl 

Palmer 

Ravenna 

Syracuse 

Teeumseh 

Tekamah 

Thedford 

Valentino 

Wallace 


January. 


s 


Weeping  Water 

WcstHUl 


Wenton 

West  Point 

Whitman 

Wilcox 

Nevada: 

Austin 

iiattle  Mountain  .. 

IJt^lmont 

lieowawe 

Browns , 

Candi'iarla 

Carlin 


o 

60 
49 


a 


February. 


s 


56 
55 
58 
54 
63 
58 
59 
51 
50 


54 


50 


62 
57 
60 
53 


53 
56 
52 
56 
66 


59 


o 

-23 

-19 


-12 
-16 
34 
-12 
-20 
-13 
-22 
-19 
-21 


^  I 

60 
64 


—24 

—11 


63 


—19 


—19 


-16 
—10 
—15 
—16 


—17 
-18 
—19 
—24 
—12 
—14 
—29 


52  —16 

61  1-21 
56  !— 14 
52  -18 


a*) 
65 
72 
70 
74 
60 
60 
70 


March. 


s 


o 

62 
64 


—  6 


—29 
—  8 
—23 
—12 
—19 
—15 
—24 
—18 
—12 


62  —21 


60 


70 
69 
70 
67 


-12 


67 
58 
60 
58 
69 
64 
62 


64 
68 
64 
50 


59 


54 


—24   66 


-23 
— U 


58  —17 
50  -23 


49 
42 


—11 

—18 
—  4 


65 


-16 
-18 
-15 
-11 


-16 
-20 
-11 
-28 
-16 
-12 
-  8 


-24 
■22 

■  8 
-12 


—22 


—15 


59  —24 
70  -10 
02—8 


69 
68 
71 
70 
70 
75 
72 
62 
64 
71 
62 


70 


76 
73 
67 
66 


72 
70 
69 
64 
73 
65 
64 


64 
69 
66 
«63 
63 


a 


o 

—  6 

—  2 


10 
6 

22 
4 
4 
3 
9 

-7 
1 

11 
2 


—  1 


10 
3 
0 

-  6 


2 
2 
2 
1 
4 
1 
4 


April. 


8  -S 


o 

82 
87 


90 
87 
86 
82 
81 
80 
86 
83 
84 
80 
72 


82 
93 


90 


'81 
81 


o 

10 
21 


43 
25 
I 
21 
18 
18 
18 
19 
19 
21 
20 


16 
23 


23 


^20 
17 


89 


92 


86 
84 
85 
86 
86 


21 


24 


32 
29 
20 
23 

n 


0   82 
2  I  88 


6 


16 


85 
90 
83 


24 
16 
27 
,30 
16 


liaj. 


s 


o 

90 
92 


93 


90 
90 
93 
91 
90 
90 


91 
92 


84 


96 
93 
87 


100 
98 
90 
85 
94 
92 
89 
92 


02 
90 


69  —  3   83 


65 
63 
72 
62 


2 

4 
5 


—12 
—12 


42  1—32  i  60  —20 


55  —  9 

I 


50 1— 18 ; 


63  .—  4 


40  —  4  ;  58    4 
38  !— 50  I  55  1—34 


57 
64 
53 


7 

22 
10 


67  I  14 

70  14 

61  18 
58 


87 
88 
89 
80 


94 

73 
77 


80 
86 
73 
74 


18 
28 
29 
32 


17 
40 


33 

38 
27 


80 
9i' 


91 
89 
90 
85 


82 


79 
85 


a 


32 
31 
24 
32 
27 


25 
32 
30 
30 


31 


34 


28 
24 
41 
30 


26 


41 


30 
4S 
50 
31 
49 
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AimUAL  BANGS  OP  TEUPXBATtTBE  FOR  1890,  ETC.— Continued. 


June. 

July. 

August. 

Septem- 

October. 

Novem- 
ber. 

DeceiD- 

ber. 

3 

s 

a 

i 

i 

.s 

H 

s 

i 

jj 

■  i 

jj 

i 

a 

s 

s 

s 

i^ 

s 

1 

H 

s 

§ 

S 

s 

E 

u 

K 

^ 

~ 

~ 

~ 

a 

~ 

a 

~ 

~ 

~ 

~ 

0 

c 

ns 

46 

103 

58 

06 

48 

88 

28 

64 

3 

ni 

52 

102 

55 

07 

48 

95 

.  33 

"73 

"24" 

■"87" 

"19' 

IB 

4 

i2i 

94 

36 

78 

25 

76 

0 

70 

5 

"48' 

"ioi" 

107 

■54" 

"oa" 

100 

"49" 

93 
94 

32 

32 

"'78" 

30 

26 

57 
70 

"73 

'"16" 

— .. 

100 

X> 

108 

40 

101 

34 

96 

18 

83 

12 

78 

-8 

70 

-10 

142 

08 

50 

101 

55 

06 

4!) 

93 

31 

77 

23 

72 

19 

10 

113 

VQ 

;» 

102 

51 

100 

3ti 

93 

27 

80 

19 

10 

68 

5 

99 

35 

103 

50 

100 

43 

94 

30 

77 
82 
73 

25 

29 
23 

"73' 

72 
68 

"14' 

18 

65 
67 

70 

n.5 
4 
5 

iii 

■flS" 

"m" 

"m 

"54" 

"m 

■"48" 

""9i" 

'"31" 

i22 

OS 

50 

106 

56 

m 

50 

03 

32 

75 

25 

70 

11 

65 

3 

130 

09 

36 

103 

00 

43 

32 

78 

23 

73 

16 

65 

8 

98 

60 

84 

54 

82 

32 

64 

24 

10 

0 

104 
08 

52 
43 

96 
90 

34 
23 

80 
76 

26 
17 

70 
70 

12 

66 
62 

4 

7 

"m 

"36" 

'102" 

52 

123 

00 

51 

103 

55 

97 

40 

0« 

32 

82 

24 

66 

19 

64 

7 

100 

06 

53 
53 

106 
102 

60 

55 

103 
97 

53 

49 

JOO 

36 

73 
75 

20 
25 

"73' 

■'22" 

"k" 

5  131 

103 

58 

100 

70 

108 

68 

92 

53 

74 

53 

68 

18 

"60 

"8 

... 

101 

44 

106 

50 

100 

48 

103 

30 

87 

30 

70 

10 

68 

8 

122 

101 

35 

106 

50 

103 

41 

a-j 

20 

80 

21 

73 

9 

67 

6 

124 

07 

54 

103 

.50 

103 

52 

96 

25 

80 

17 

78 

8 

-  2 

00 

65 

103 

54 

90 

47 

Bo 

34 

80 

25 

69 

20 

71 

5 

iio 

103 

50 

111 

50 

100 

40 

82 

32 

70 

26 

—  4 

69 

10 

101 

48 

108 

65 

IM 

45 

03  1     36 

30 

'76" 

14 

68 

4 

m 

103 

SO 

108 

64 

108 

53 

100  !     32 

78 

30 

73 

10 

68 

4 

09 

49 

106 

55 

98 

48 

88 

3:1 

73 

21 

67 

18 

70 

7 

12.5 

On 

42 

102 

48 

105 

40 

04 

2;j 

78 

•  20 

70 

61 

-  2 

133 

08 

39 

IM 

53 

100 

45 

OH 

30 

81 

77 

6 

70 

4 

no 

08 

52 

105 

.t5 

9» 

48 

M 

36 

76 

26 

70 

20 

71 

5 

110 

07 

45 

103 

48 

103 

40 

e.i 

24 

75 

22 

71 

8 

68 

0 

132 

104 

57 

100 

46 

85 

28 

70 

12 

-2 

"m 

"m 

106 

70 

100 

02 

2.) 

72 

20 

70 

6 

64 

... 

130 

100 

40 

lOo 

52 

HH 

40 

94 

24 

76 

22 

72 

10 

71 

127 

101 

59 

106 

100 

52 

94 

40 

26 

67 

20 

67 

120 

07 

56 

100 

60 

95 

48 

90 

32 

79 

21 

66 

13 

•60 

118 

M 

55 

102 

53 

97 

r^ 

S5 

30 

73 

24 

71 

13 

68 

108 
98 

an 

44 

112 
103 

54 

102 

98 

.55 
44 

106 

92 

60 

..-.. 

"86" 

"'io' 

"75" 

'68' 

..... 

127 

94 
95 

36 
20 

78 
76 

28 
20 

73 
69 

12 
17 

70 
72 

0 

1 

ioi' 

'"is" 

'ioT 

51" 

io-i" 

"45" 

iab 

OS 

55 

103 

63 

100 

91 

41 

73 

27 

65 

10 

65 

0 

127 

100 
91 

56 
02 

106 
05 

54 
67 

..... 

'05 

"gi 

"'06" 

"'76' 

"42" 

"e»' 

"'55" 

lis 

90 

90 

38 

72 

"ih~ 

64 

8 

'iffi' 

■'«' 
31 

"m 

93 

""53" 
50 

"ios" 

87 

"■43 

48 

104 

78 

33 

37 

'.'.'. 

69 

25 

63 

n 

54 

12 

105 

00 

50 

102 

67 

95 

60 

89 

50 

73 

35 

67 

18 

53 

13 

83 

33 

93 

*S 

90 

48 

81 

38 

69 

27 

66 

19 

54 

10 

93 

42 

101 

fiO 

99 

56 

88 

30 

74 

20 

70 

10 

53 

10 

133 

S6 

48 

101 

70 

102 

66 

94 

,^2 

78 

36 

70 

10 

58 

21 

122 

87 

35 

06 

53 

90 

51 

85  1     41 

65 

22 

55 

18 

100 

00 

38 

110 

58 

101 

43 

02 

32 

74 

16 

64 

4 

48 

0 

160 
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Table  of  Maximum  and  Minimum  Temperatcbks  ahd 


Stations. 


a 


Novada — Ck)ntinucd . 

Carson  City' 

Carson  Citv' 

Columbus  Marah 

Downey  ville 

EI  Dorado  Canyon  - . 

Elko' 

Elko* 

Ely 

Eureka 

Fenelon 

Genoa  

Golconda 

Gold  Mountain 

Halleck 

Hartons  Ilanch 

Hawthorn 

Hawthorne 

Hot  Springs 

Hot  Springs 

HumtJbldt 

Lewer's  Ranch 

Mill  City 

Palisade 

Palmetto 

Pioche  .  -  - 

Punch  Bowl 

Reno" 

Reno* 

Ruby  Hill 

Sodavillo 

Tecoma 

Toano  

Tuscarora 

Tvbo , 

Verdi 

Virginia  City 

Wadsworth 

Wells 

Winnemucca* 

Winuemucca* 

Younts  Ranch 

New  Hampshire : 

Berlin  Falls 

Berlin  Mills 

Concord  

Vjist  Canterbury . . . 

Hanover* I 

Hanover* 

Littleton 

Manchester ' 

Manchester' I 

Nashua 

.  Newton 


January. 


o 

52 

50 


48 
73 


47 
50 
45 
55 
50 
48 
50 
38 
41 


52 
42 
42 
49 
49 
48 
42 


49 
54 
43 
44 
40 
42 
38 


45 
44 
45 
42 
40 
48 
(55 

57 
57 
fjl 
54 
58 
63 


c 


o 

—27 
—22 


—18 
30 


—42 
—27 
—26 
—27 
—24 
-17 
8 

—30 
—15 


—  6 
—20 
—20 
—20 
—14 
—28 
—25 


—19 
—12 
—14 
—22 
—14 
—12 
—18 


-23 
3 

-  6 
-25 

-18 
-23 

18 

-17 
■12 

-  9 

•  8 


February. 


s 

S 


63 
59 
62 
57 
88 
45 
58 
60 
56 
55 
59 
60 
63 
43 
48 


—  5 

—  3 
-  4 

1 
32 
— M 
-41 
—23 
—19 
—20 

—  6 
—14 

6 
—32 

—  9 


66 
70 
70 
60 
63 


52 
56 
66 


59 
58 
46 
62 
48 
00 
48 


55 
53 
62 
52 
52 
57 
72 


a 


6 
.  o 

mi 

.  9 

-15 
-  4 


—20 
1 


—  4 

6 
—17 
10 
—15 
—18 
—27 


()0 
62 

(i2 


-  t 
1 
6 

20 
-18 
-22 
20  I 

—17 

-12! 


March. 


3 


66 
62 
72 
69 
82 
58 
62 
60 
60 
75 
65 
66 
64 
60 
59 
68 
68 
60 
60 
62 
66 
50 
60 
00 
70 
50 
64 
60 
51 
70 
60 
58 
50 


60 

58 
68 
60 


48 
51 

5.>  —  I  , 

50  —  7  I 

51  —  6 
56  —  8 


a 


10 
12 

3 

16 
40 
-  8 
-15 

1 

3 
10 
10 
26 
19 

4 
10 
32 
18 
15 
15 

4 

14 

10 
o 

15 


April. 


O 

78 
75 
82 
79 
96 
80 
82 
62 

i  i 


78 
70 
72 
90 
65 


o 

22 
24 
22 
24 

46 
28 
10 
29 
16 


24 
30 
29 
34 
20 


Mav. 


S 


7 

12 
14 

0 
21 

0 

0 
10 


15 

15 

18 

4 


61 
76 

04 
48 

61  I—  7 
58  —  6 
50  —11 
53  —14 


I 


7 
26 

—19 
—14 


4   iV) 
J   ")"  ■ 
2  I  5i) 

58  - 


o 


H  '  5. 
()   04 

4  I  62  I 
.'»   60  I 


4 
4 

4 

o 


80   25 
80 
82 
77 


25 

28 
23 


80^  27 
21 


74  ' 


63 
75 
76 
62 
80 
78 
78 
76 


69 
73 
86 
80 
61 
79 
88 

72 

71 
75 
68 
70 
76 


73 
74 
75 
74 


19 
23 
26 
8 
27 
35 
24 
15 


33 

27 
30 
25 
23 
20 
38 

10 
14 
19 
22 
10 
11 


23 
24 
23 
22 


91 
85 
96 
68 
105 
83 
90 
85 
86 
91 
83 
92 
84 
88 
80 


88 
95 
95 
86 
90 


85 
89 


78 
84 
82 
76 
92 
89 
84 


60 
84 
06 
85 
99 
88 
94 

75 
71 
80 
76 
77 
73 

80 
82 
85 


a 


o 

30 
32 
38 
34 
65 
34 
28 
28 
26 
41 
30 


29 
40 
25 


46 
35 
35 
40 
30 


40 
27 


27 
29 
40 
25 
37 
35 
42 


33 
28 
46 
35 
32 
32 
42 


25 
33 
29 
28 
29 


35 


1  Chad.  W.  i'rleud. 
«  Signal  Servlcf. 


»  W.  6.  Devol  and  \Vm.  E.  Barney. 
*  I'at'iflc  Hallway  System. 


A  Prof.  E.  B.  FlOBt. 

•  N.  H.  ISzperiment 
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Annual  Range  of  Tebcpkrature  for  1890,  ETC.~€on tinned. 


June. 

July. 

August. 

Septem- 
ber. 

October. 

Novem- 
ber. 

Decem- 
ber. 

• 

• 

.g 

• 

• 

5 

• 

a 

• 

s 

• 

.s 

s 

• 

d 

J 

• 

a 

• 

08 

• 

a 

MM 

• 

bfi 

a 

s 

s 

o 

I^ 

0 

o 

o 

o 

2 

o 

2 

o 

2 
o 

2 

s 

2 
0 

0 

o 

o 

0 

0 

0 

91 

27 

97 

37 

04 

38 

88 

30 

79 

23 

73 

13 

64 

12 

124 

68 

:io 

92 

41 

91 

41 

83 

34 

73 

26 

67 

17 

60 

15 

114 

101 

36 

108 

47 

104 

46 

98 

38 

81 

23 

81 

12 

66 

3 

._ 

92 

37 

102 

49 

99 

44 

89 

40 

77 

30 

74 

20 

63 

17 

120 

109 

62 

118 

77 

110 

74 

110 

66 

92 

48 

86 

46 

73 

42 

88 

94 

38 

104 

107 

99 

52 
28 
38 

95 

103 

94 

62 

28 
34 

90 

40 

68 

10 

56 

6 

80 

24 

81 

18 

69 

15 

64 

9 

61 

1 

126 

91 
98 

29 
43 

102 
104 

43 
65 

63 
71 

"26' 

64 
63 

23 
11 

105 

60 

100 

50 

92 

30 

86 
96 

31 
40 

93 
118 

40 
66 

88 
106 

45 
62 

84 
90 

37 
40 

81 
82 

27 
32 

60 
58 

14 
12 

72 

16 

135 

87 
92 

36 
36 

96 
100 

58 

48 

90 
94 

55 

48 

8() 
82 

50 
32 

68 

10 

62 

3 

62 

1 

132 

95 

27 

101 

40 

79»> 
75 

28*» 
38 

69 
.  65 

25 
35 

64 
63 

21 
24 

98 

52 

99 

65 

99 

70 

89 

60 

124 

90 

45 

104 

60 

90 

60 

90 

47 

76 

28 

'    69 

15 

66 

11 

90 

45 

103 

60 

99 

62 

90 

47 

76 

28 

69 

15 

66 

11 

123 

86 

40 

96 

56 

92 

50 

88 

44 

68 

30 

65 

15 

62 

12 

116 

90 

30 

95 

45 

02 

46 

86 

41 

76 

27 

72 

22 

62 

13 

109 

104 
102 

56 
50 

104 
98 

58 
43 

8.5 

46 
35 

84 

78 

30 
20 

68 

72 

16 
12 

68 
62 

10 
10 

88 

38 

127 

88 

27 

97 

44 

.  90 

42 

87 

33 

75 

24 

69 

18 

62 

9 

... 

104 
03 
96 

100 

33 
47 
42 
52 

102 
94 
94 
06 

29 
44 
44 
50 

93 

82 

24 
30 

73 
64 
76 
80 

8 
24 
27 
30 

68 

6 

67 

0 

81 
90 
90 

26 
30 
44 

68 
66 

18 
20 

80 

42 

62 

14 

112 

78 
96 
98 

24 
39 
38 

97 
104 
107 

40 
58 
50 

• 

100 
100 

53 
50 

94 
91 

39 
40 

. 

70 

20 

65 

18 

46 

8  122 

87 
88 

44 
27 

97 

104 

96 

99 

51 
35 
38 
49 

96 
98 
94 

98 

52 
36 
44 
46 

--  -  - 

72 

20 

67 

8 

89 
86 

35 

38 

82 
68 

21 
30 

80 
60 

9 
18 

.  84 

35 

58 

4 

122 

88 
96 

32 
42 

82 
88 

41 
46 

70 

78 

24 
32 

64 
68 

24 

20 

58 
60 

18 

18 

106 

57 

102 

56 

111 

92 

32 

100 

60 

100 

58 

85 

48 

75 

16 

78 

12 

65 

4 

125 

88 

39 

103 

52 

96 

50 

82 

45 

73 

28 

73 

15 

49 

14 

91 

34 

90 

44 

95 

42 

84 

30 

74 

22 

69 

9 

64 

11 

122 

96 

46 

106 

66 

96 

61 

96 

55 

82 

41 

76 

17 

66 

28 

89 

86 

26 

90 

35 

93 

32 

77 

23 

75 

16 

54 

0 

40 

-31 

124 

87 

29 

90 

30 

93 

32 

79 

20 

76 

18 

55 

0 

mi 

40 

--30 

123 

87 

42 

91 

45 

88 

46 

80 

31 

75 

29 

64 

8 

39 

-11 

102 

86 

42 

89 

53 

86 

50 

79 

lis 

65 

30 

58 

10 

37 

—11 

10(» 

83 

38 

91 

40 

88 

42 

78 

30 

70 

23 

53 

8 

35 

-20 

111 

88 

37 

94 

38 

01 

lis 

&■) 

28 

70 

64 

8 

44 

-26 

120 

S4 

42 

78 

32  1 

73 

55 

8 

38 

—22 

88 

42 

92 

44 

88 

46 

f^\ 

34 

77 

30 

58 

8 

42 

-10 

102 

87 

42 

93 

42 

87 

46 

81 

33 

78 

28 

63 

11 

44 

—  6 

99 

89 

40 

95 

43 

00 

47 

82 

30 

78 

27 

60 

8 

48 

—  2 

9ii 

88 

44 

94 

42 

88 

44 

82 

30 

76 

26 

62 

9 

48 

—  2 

99 
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Table  of  Maxihuh  and  Minihuu  Tkuperatttxis  aho 


i'l 


New  HsmpBhiro — Cont'd. 

North  Conway . 

North  Sutton.. 

Plymouth 

Stratford 

HO  - 
60  - 
New  Jeraey: 

Allaire 

Aabury  Park 

Atlantic  City 

Beverly 

Billlngsport.  L-H... 

Bridffeton ■. 

Capo  May,  C.  H 

Kge  Harbor  City-.. 

Freehold 

Gillette 

Hanover 

Highland  Park 

Imlavstown 

rAmDertville 

l»:klown 

Madison 

Moorestown 

Newark'        

Now  Brunewiuk* 

New  Brunswldc* 

New  Brunswick* 

Newton 

Ocean  City 

Oceanic 

PriDcetOD 

TUncocas 

Readington 

South  Orange 

Tenafly '    ti.i 

Trenton ;    70 

Union fiti 

Woodbui-y ■    72 

New  MeiicM>:  | 

Albuquerque :    67 

Ohama ' 

Coolidge : 

Dcmlng :    70 

Port  Bayard  -_ ' 

Fort  Marcy !    fi4 

Fort  Selden !    7!t 

Fort  Stanton*  - ■    72 

Fort  Stanton* 1    titl 

Fortl'nion '    ."IS 

Fori  Win^att' (14 

Gallinux  Sjirlng 

HillRboro 

LaLuz 


iJ! 


I    7.')  ,i    ir>  •    HO 


111 

74 

0 

1« 

tttt 

4 

•M 

m 

R 

17 

72 

6 

24 

oa 

12 

31 

73 

n 

IK 

HO 

6 

in 

20 

•70 

w 

IK 

7? 

fl 

l^ 

7;i 

0 

IH 

i; 

lift 

74 

13 

11 

-17 

HI 

211 

K> 

M 

10 

70 

14 

:t 

HH 

00 

11 

i:t 

75 

05 

!l 

74 

14 

)t 

16 

85 

20 

IP.  W.  Rlrorrt. 
»C,  V.  Hh/qts. 

■Mn.G.H.Co(rii 


<PTOf.  A.8eott. 
•U.  S-poitatirf. 
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Annual  Range  of  Temperature  for  1890,  etc.— Ck>ntinued. 


June. 

July. 

August. 

Seg 

bem- 

October. 

Novem- 
ber. 

Decem- 
ber. 

m 

M 

• 

a 

• 

d 

• 

3 

• 

a 

• 

m 

• 

9 

• 

MM 

• 

• 

d 

• 

H 

08 

• 

• 

a 

i 

'  o 

s 

0 

o 

o 

0 

0 

0 

0 

0 

0 

0 

0 

s 

& 

O 

0 

0 

89 

38 

92 

41 

00 

41 

80 

29 

76 

24 

58 

10 

41 

—16 

108 

89 

47 
34 

"'96' 

55 
38 

"94' 

51 
38 

"84" 

42 
26 

"'74' 

34 
21 

7 
-16 

54 

8 

39 

112 

90 

33 

93 

40 

92 

38 

85 

25 

82 

21 

61 

8 

36 

—25 

118 

85 

38 

90 

40 

88 

42 

80 

30 

72 

25 

65 

9 

42 

—15 

105 

82 

30 

88 

36 

00 

34 

80 

25 

75 

12 

59 

4 

40 

—32 

122 

90 

45 

03 

44 

90 

43 

86 

40 

72 

31 

70 

15 

54 

9 

85 

91 

51 

92 

51 

88 

45 

88 

46 

73 

30 

63 

18 

52 

14 

88 

90 

54 

89 

52 

90 

48 

78 

48 

74 

35 

70 

18 

54 

17 

80 

90 

52 

100 

39 

99 

45 

88 

41 

81 

28 

74 

19 

53 

8 

92 

94 

58 

99 

56 

94 

52 

88 

48 

74 

34 

66 

24 

48 

17 

88 

93 

80 

96 

58 

93 

56 

88 

47 

77 

35 

72 

24 

56 

22 

82 

91 

50 

96 

50 

89 

48 

86 

43 

78 

3i5 

71 

17 

55 

16 

86 

94 

50 

97 

45 

96 

44 

87 

38 

74 

27 

73 

15 

56 

14 

89 

89 

50 

94 

47 

89 

46 

86 

38 

74 

30 

69 

28 

54 

11 

91 

90 

42 

95 

43 

91 

45 

86 

33 

75 

25 

70 

16 

47 

10 

89 

88 

51 

94 

49 

88 

48 

86 

37 

72 

28 

63 

17 

50 

5 

89 

95 

51 

97 

48 

92 

45 

88 

33 

75 

32 

71 

18 

.  54 

13 

91 

90 

56 

94 

54 

88 

52 

85 

38 

74 

29 

62 

22 

51 

12 

86 

92 

50 

98 

47 

91 

45 

88 

37 

75 

28 

70 

18 

49 

5 

93 

91 
91 

47 
56 

95 
97 

39 
51 

89 
85 

33 
42 

76 
79 

26 
33 

70 
71 

16 
20 

50 
51 

5 
14 

92 

52 

88 

90 

57 

94 

55 

88 

50 

84 

46 

72 

32 

60 

17 

48 

13 

90 

92 

47 

98 

45 

92 

45 

88 

37 

73 

27 

70 

16 

50 

7 

91 

87 

50 

93 

48 

87 

49 

^5 

40 

72 

29 

70 

18 

50 

9 

87 

89 

87 
90 

49 
49 
56 

94 
91 
90 

48 
44 
60 

88 
87 
89 

48 
40 
61 

78 

71 

74 

28 
27 
41 

70 
59 
67 

17 
16 
19 

51 

11 

83 
80 

33 
54 

48 

18 

78 

95 

38 

89 

51 

90 

50 

76 
73 

"»72' 

34 
33 
32 
<34 

67 
68 
67 
70 

23 
19 
28 
20 

53 

16 

90 

88 

56 
58 

97 
96 

53 

58 

92 
90 

51 
54 

88 
'84 

43 
'44 

50 

16 

88 

89 

51 

94 

50 

89 

48 

85 

40 

72 

31 

70 

18 

49 

8 

88 

93 

56 

97 

40 

91 

43 

88 

33 

73 

24 

64 

18 

49 

3 

97 

90 

60 

97 

58 

93 

51 

84 

45 

78 

40 

72 

22 

54 

16 

90 

87 
•95 

57 
•66 

101 

53 

94 

50 

91 

44 

78 

34 

70 

24 

..... 
52 

18 

88 

•97 
92 

•45 
23 

97 

*50 
41 

94 
94 

57 
43 

91 
89 

46 
31 

77 
81 

"n" 

78 

12 

62 

—  2 

114 

93 

102 

90 

35 
60 
43 

101 

100 

94 

35 
66 
52 

92 
98 

87 

31 
65 

48. 

83 
80 
81 

19 

45 

31 

82 
76 

78 

19 
29 
18 

53 

13 

95 

87 

60 
44 

77 

21 

85 

90 

33 

92 

47 

89 

43 

87 

39 

73 

23 

67 

12 

55 

10 

96 

104 
94 

46 
37 

107 
92 

59 
52 

106 
90 

60 

48 

100 
89 

50 
41 

76 

23 

71 

11 

62 

12 

89 

90 

39 

90 

51 

85 

50 

84 

42 

75 

24 

69 

12 

62 

15 

84 

89 

54 

91 

40 

94 

43 

95 

28 

75 

21 

70 

2 

62 

5 

99 

91 

30 

98 

51 

95 

45 

89 

39 

75 

22 

72 

14 

61 

10 

106 

93 

48 

94 

56 

92 

60 

98 

49 

82 

34 

75 

24 

65 

21 

89 

97 

45 

96 

56 

91 

67 

87 

48 

78 
81 

34 

38 

74 
75 

19 
25 

63 

23 

88 
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Tabls  op  MAxuftm  and  Minihuu  Tehpebatukir  Aire 


January. 

February 

March. 

April. 

HV 

1 

3 

i 

i 

1 

1 

i 

i 

i 

New  Mexioo-Cont'd. 

12 
-.3 
73 

11 
18 
21 

75 
74 
76 
74 
61 
67 

n 

13 
23 
10 
0 

82 
81 
80 
77 

72 
62 

14 
25 
10 
10 
11 
0 

86 
86 
88 
80 
74 
67 

ST 
33 
38 
SO 
28 
17 

o 
B2 
97 
07 

44 
SO 
48 

SO 
58 

n 

2 

83 
80 

45 

New  York? 

Addi«on 

66 

21 

66 

10 

16 

133 

83 
78 
79 
77 

28 
34 
24 

13 

27 
43 

61 
60 
61 

6 
4 
4 

60 
fiO 
68 

4 
6 

5 

67 
67 
60 

-4 
-6 
-14 

79 
72 
76 

£5 
15 
16 

Alfred  Center 

Arc>d« 

62 

n 

66 

13 

65 

6 

76 

32 

19 

Boj-ds  Corners 

62 
63 

14 

-2 

64 

10 
-fl 

67 
58 
68 
64 
50 
67 
71 
61 
61 
68 
60 
66 
50 
59 
68 
67 

1 

—13 

10 

8 

-s 

7 

^14 

-15 

4 

-2 

-3 

-8 

3 

8 

7 

7 

10 

3 

7 

3 

80 
73 
78 
66 
71 
77 
70 
72 
70 
81 
74 
79 
78 
77 
82 
82 
73 
66 
79 

31 

U 
24 
36 
14 
25 
29 
8 
18 
25 
24 
22 
10 
19 
29 
30 
27 

81 
74 
82 
79 
81 
80 
81 
74 
75 
81 
78 
75 
79 
77 
80 
80 

5 

42 

as 

30 
S4 
26 
31 
41 
22 
29 
3M| 
31 
3:1 
» 
23 
40 
43 
32 
38 
40 
40 
28 

65 
60 
62 
64 
55 
62 
65 
65 
63 
«2 
61 
64 
65 
OS 
60 
66 
«8 
67 

10 

-14 

10 

15 

-  7 
4 
14 
10 
10 

s 

10 
16 
12 
13 
10 
15 
16 
10 

60 
61 
64 
68 
60 
66 
69 
63 
58 
66 

m 

&j 
69 
5K 
53 
66 
00 
64 

13 

-13 

8 

16 

-6 

-  4 

14 

0 

10 

6 
18 
11 
15 

Central  Park 

ConatablevlUe 

Coopomtown  

Davidu  Island 

FRCtoryviUe 

FortColurabuB 

Port  Hamilton 

Fort  Niagara 

P'ort  Kchuyler 

Geneva 

6  1    65 
17  1    74 

27  79 

28  84 
22       85 

HpHBltoad  Stallon.- 
Huneymcad  Ilrook.. 

m 

60 

14 
3 

68 
60 
64 

10 

54 
65 
57 

5 
-3 
-i 

72 
78 

21       82 
2.->  1    83 

"  1  " 

29 

r 

r.r, 
64 

5a 

66 

Bo 

5 

-  S 
11 
10 

60 
61 
60 

Id 
62 

5(i 

4y 

62 
4'J 
51 

«0 
61 

0 

_ } 
li 

5 

11 
-10 

0 
7 
0 

77 
78 
76 

24 
21 
11 

78 
80 
76 
85 

29 
38 
24 
33 

ffiiii :::::::: 

Keone  Valley 

64  '-3 

m  -3 

«»  1      8 
70  !      0 
5.-.         0 
60   -7 
57        6 
48-6 

80 

18 

60 
(IT 
58 

-4 

U 

-10 

73 
76 

17 
26 

73 
77 

» 

Malono      ... 

67 
73 
78 

20 
17 
S3 

^i\     S 

63  1—9 
70  l-U 

78 
63 

31 

iliiidlL-buriili 
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ANNUAii  Rakob  of  Temperature  for  1890,  sTa-^Oontinued. 


June. 

July. 

August. 

Septem" 
ber. 

October. 

Novem- 
ber. 

Decem- 
ber. 

• 

• 

• 

1 

• 

1 

• 

• 

1 

■ 

• 

1 

• 

i 

■ 

d 

2 

i 

2 

- 

• 

0 

• 

bo 

0 

0 

o 

0 

0 

0 

0 

J 

0 

0 

0 

0 

0 

98 
98 

50 
65 

104 
102 

•  62 
68 

100 
96 

59 
68 

96 
92 

50 
59 

86 

82 

30 
34 

74 

22 

66 

26 

89 

98 
103 

49 
35 

100 
M4 

57 
54 

98 

98 

54 
53 

74 
77 

28 
28 

74 

57 

12 
20 

92 

45 

71 

20 

86 
86 

49 
86 

66 
90 

60 

48 

84 
88 

63 
47 

"'82' 

47 
42 

72 

29 

65 

18 

52 

15 

88 

100 

48 

100 

59 

90 

62 

92 

47 

81 

33 

76 

29 

67 

17 

_  -- 

90 

84 
87 
82 

34 
46 
30 
36 

78 
73 
75 
76 

28 
39 
29 
34 

65 

16 

44 

48 
40 
46 

--5 
14 

64 
92 
89 

55 
40 
46 

92 

98 

45 

48 

95 
91 

43 
50 

—  2  --- 

59 

14 

-,2 

102 

a*) 

41 

90 

39 

89 

43 

84 

29 

74 

28 

63 

12 

42 

—  4 

96 

87 

a*) 

36 
34 

91 
88 

35 
37 

90 
91 

38 
42 

84 
84 

27 
29 

41 
40 

—11 
1 

73 

27 

64 

12 

87 

56 

93 

54 

88 

53 

82 

39 

73 

35 

59 

21 

46 

0 

93 

i93 
97 

«40 
45 

91 
92 

41 
52 

87 
87 

29 
44 

76 
77 

28 
29 

66 
65 

16 
18 

■"-is" 

^1 
2 

93 

56 

96 

87 

38 

92 

36 

89 

38 

83 

25 

73 

26 

61 

3 

36 

—16 

107 

94 

44 

94 

49 

94 

47 

88 

37 

74 

81 

68 

18 

45 

5  ... 

89 

46 

89 

49 

86 

48 

82 

37 

75 

34 

62 

21 

44 

7 

82 

89 

40 

91 

43 

96 

38 

84 

29 

75 

28 

68 

8 

39 

r-16 

110 

88 
90 

47 
54 

92 

98 

45 
55 

91 
91 

43 
52 

85 
88 

33 
•45 

75 

37 

69 

19 

47 

13 

91 

88 

31 
41 

•  88 
88 

42 
42 

88 
88 

42 
42 

81 
80 

27 

29 

78 
70 

29 
29 

61 
63 

5 

8 

.  39 

—  6 

103 

90 

52 

93 

52 

88 

47 

84 

41 

74 

31 

70 

11 

47 

10 

89 

97 
87 
64 

42 
51 
40 

95 
93 
94 

47 
49 
40 

95 
92 

87 

46 
52 
44 

~  M  M^  • 

89 

82 

37 
32 

72 

78 

34 
26 

63 

13 

46 

—15 

109 

87 

44 

96 

45 

92 

43 

88 

30 

75 

31 

64 

11 

41 

3 

93 

91 

53 

91 

55 

89 

52 

86 

48 

76 

36 

70 

20 

48 

13 

83 

88 

53 

91 

53 

85 

51 

79 

44 

73 

35 

69 

20 

50 

15  84 

86 

44 

94 

53 

97 

50 

87 

37 

70 

;i5 

63 

24 

46 

10  90 

86 
88 

47 
54 

89 
90 

51 
54 

86 
86 

48 
49 

82 
83 

35 
46 

76 
74 

34 
36 

62 
69 

25 
16 

1 

49 

6  i  87 

93 

48 

97 

50 

94 

48 

87 

44 

79 

31 

70 

19 

49 

7  1  90 

91 

45 

98 

44 

99 

43 

86 

33 

76 

31 

66 

19 

50 

0  1  99 

92 
97 

45 
42 

84 
86 

32 
31 

72 
74 

30 
30 

66 
64 

13 
18 

42 

41 

—  2 
2 

86 

45 

92 

44 

99 

85 

43 

92 

43 

86 

46 

83 

32 

71 

29 

62 

14 

42 

—  7 

99 

87 

36 

89 

39 

92 

40 

88 

32 

79 

30 

48 

5 

93 
95 
96 

41 
42 
44 

94 
92 
92 

33 
45 
46 

89 

86 
85 

24 
30 
32 

73 
75 
73 

24 

28 
31 

00 
88 

42 

48 

66 

18 

46 

3" 

99 

89 

38 

96 

40 

94 

34 

89 

24 

81 

28 

59 

7 

40 

—17 

113 

96 
95 

88 

32 
40 
46 

100 
100 

78 

48 
36 
44 

97 
96 

40 
42 

79 
72 

25 

28 

60 
63 

16 
14 

44 
44 

—  2 

4 

88 

32 

01 
72 

32 
33 

54 
63 

6 
22 

36 
42 

—10 
5 

86 

46 

92 

50 

94 

51 

84 

36 

89 

85 

44 

90 

50 

100 

43 

83 

30 

1  < 

26 

57 

7 

41 

—18 



61 
67 

8 
14 

39 

4() 

14   - 

89 

37 

94 

32 

100 

37 

84 

32 

75 

24 

—  7 

109 

92 

41 

96 

43 

94 

44 

86 

29 

85 

28 

71 

6 

40 

—  * 

[m 
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Table  of  Maxihcm  and  Minimum  Temperatobo  axd 


January. 

February. 

March. 

AprU. 

Maj. 

1 

i 

1 

3 

i 

i 

1 

i 

1 

i 

Sew  York-Continued. 

° 

° 

ta 

U 

64 

5 

76 

26 

78 

3S 

0 

17 

-  5 

-IS 

-18 

58 
71 
52 
50 
48 
57 
57 
55 
62 
73 
53 
62 
53 
53 
S4 
50 
70 
63 

57 
62 
69 
58 
63 
61 
49 
53 
69 
66 
68 
66 
60 

72 

77 
76 

78 

77 

-17 
6 

-17 

-8 

-14 

-5 
10 

0 
-8 
-2 

» 
-1 
-2 

—  4 
-7 
-21 

7 
-14 

8 
-16 

—  6 
-20 
-13 
-10 
-8 

1 

—  1 
4 
8 

11 
19 
19 
15 
13 

75 
81 
70 
71 

69 
74 
71 

75 
81 
78 
73 
76 
68 
70 
81 
69 
80 
75 
79 
78 
72 
72 
73 
76 
76 
74 
78 
78 
80 
83 
78 
73 

85 
88 
86 
86 
87 

6 

t? 

8 
17 
28 
15 
23 
30 
25 
21 
19 
22 
22 
19 
24 
18 
20 
14 
24 
18 
30 

fi 
11 
17 
13 
22 
23 
IS 
22 
34 
29 

31 
29 
36 
30 
25 

76 
80 
76 
74 
80 
77 

29 
42 
32 
24 

SH 
33 

New  York  City 

North  Hammond.-.. 

Number  J'our 

Oedenaburgh 

67 
56 
bi 
56 
64 
60 
55 
60 
"06 
54 
62 
63 
64 
62 
54 

X5 
—  6 

—10 
-16 

69 
48 

50 
45 

Oxford 

5 

15 

Hi 

12 

9 

-12 

-15 

10 

-14 

50  i      4 

77 
81 
80 
83 
76 
73 
70 
80 
79 
80 
71 
81 
78 
76 
77 
78 
79 
7$ 
75 
77 
78 
78 
80 
76 
82 

83 
96 

00 
88 
05 

28 
40 
23 
28 
21 
38 
23 
31 
21 
33 
29 
24 
30 
30 
11 
30 
23 
25 
33 
£8 
35 
34 
35 
42 
30 

36 
44 
42 
38 
35 

61) 
54 
54 
53 

56 

15 

-  4 
-5 

Pendleton  Center... 

47 

-  B 

Poughkeepeie 

OuSer  Street 

64 
46 
68 
64 
64 

3 
4 
10 

0 
18 

57 

"te" 
54 

—  6 
11 
0 

South  Canisleo 

62 

5 
» 
-  6 
2 
6 
3 

61 

'49' 

58 
58 
57 

J 

0 
2 

10 
12 

18 

23 

•29 
28 
29 
20 

54 

63 
61 
HO 
GB 
64 
67 

11 

eo 

la 

Watervleit  Areenal. 

Wedgewood 

West  Point 

While  PUins 

Willets  Point 

North  Carolina: 

10  ;    64 

-2       68 

16      73 
23     m 

19 

77 

74 

12 

73 

17 

75 

11 

81 

28 

9S 

91 
SO 
78 
88 
*0I 
83 
92 

38 
47 
53 
36 
41 

30 
42 

73 
63 

73 

32 
11 
18 

73 
67 

78 
'80 

72 

3S 
11 
26 
•31 
28 

68 
76 
»81 
70 

28 
4 

18 
=21 

16 

74 

44 

HotSprinffB 

84 
83 
60 

33 
37 
33 

72 

20 

73 
74 
7tt 
80 

23 

1!' 
28 
36 

76 
65 
86 
86 

32 
29 
30 
83 

82 
68 
00 

40 
31 
39 
H 

74 
75 
82 

18 
18 
19 

Mount  Pleuaant 

KewBernQ 

7(1      22 

78  ]    26 
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June. 

jW- 

Aufput. 

S.PU.- 

October. 

Novem- 
ber. 

Decern- 

jj 

a 

1 

^ 

s 

.5 

1 

i 

i 

tj 

~J' 

ri 

3 

i 

H 

a 

H 

H 

S 

s 

a 

1. 

H 

2 

H 

H 

a 

0 

o 

o 

□ 

0 

0 

J 

~ 

0 

□ 

0 

0 

0 

0 

86 

47 

M 

48 

86 

45 

81 

34 

72 

28 

62 

16 

42 

4 

94 

44 

94 

44 

88 

33 

74 

32 

67 

18 

45 

"' 

"82" 

■'is' 

02 

44 

87 

42 

79 

27 

73 

27 

00 

10 

39 

-12 

80 

55 

95 

56 

89 

51 

86 

46 

74 

38 

71 

18 

54 

13 

89 

88 

49 

87 

53 

90 

46 

65 

IS 

44 

—  9 

HI 

37 

86 

34 

87 

30 

"78' 

"27" 

"n" 

"27' 

...._ 

34 

—15 

90 

44 

00 

48 

93 

4U 

80 

32 

70 

20 

"82" 

34 

—16 

109 

86 

45 

51 

02 

50 

84 

36 

71 

33 

64 

18 

42 

1 

83 

85 

41 

39 

80 

40 

80 

30 

68 

28 

00 

12 

38 

—  7 

86 

41 

00 

44 

M 

45 

83 

31 

72 

29 

86 

11 

43 

—  6 

166 

89 

50 

06 

56 

97 

50 

89 

37 

72 

32 

65 

20 

41 

4 

93 

89 

36 

93 

46 

86 

47 

89 

35 

74 

32 

66 

48 

8 

91 

39 

00 

44 

93 

42 

86 

32 

75 

30 

64 

ie" 

42 

1 

83 

86 

45 

07 

39 

92 

41 

83 

28 

70 

27 

82 

15 

40 

-5 

106 

82 
82 

44 
42 

92 

49 

87 
92 

45 
43 

79 
36 

35 
33 

42 
43 

—  9 
—12 

"70" 

"28' 

"m 

"'a 

44 

"82" 

"'«" 

90 

44 

81 

32 

71 

25 

60 

16 

43 

0 

84 
89 

38 
40 

88 
98 

44 
40 

93 

90 

40 
44 

82 
84 

29 
30 

74 
76 

29 
27 

40 
45 

—10 
—  8 

"83' 

"iz 

83 

46 

90 
JOO 
91 

46 
40 

47 

06 
05 

46 
38 
47 

78 

30 

71 

28 

69 

fl 

45 

—  6 

'« 

"89" 

"'«" 

"si" 

35 

"78" 

"'33' 

"ek' 

"2i" 

« 

,-,.- 

'80 

88 

40 

93 

42 

92 

48 

82 

30 

72 

30 

64 

1 

40 

—  7 

107 

87 

50 

91 

53 

86 

53 

81 

43 

72 

28 

67 

20 

54 

11 

83 

86 

30 

■88 

•43 

67 

27 

41 

6 

89 

36 

"ra' 

"37' 

02 

37 

"86' 

""28" 

72 

26 

""m" 

"is 

45 

—  7 

166 

87 

36 

98 

35 

36 

27 

71 

25 

82 

10 

43 

—13 

84 

43 

90 

51 

"oi" 

47 

"82" 

31 

68 

32 

61 

8 

37 

—12 

iu 

88 

88 

41 
44 

94 
97 

45 
46 

85 
90 

47 
47 

84 
81 

22 
32 

66 
59 

15 

41 

—  6 

—  6 

""74' 

"io' 

105 

90 

40 

98 

44 

84 

44 

31 

76 

28 

67 

14 

■■43' 

1 

97 

93 

46 

98 

46 

96 

45 

88 

35 

65 

30 

55 

20 

40 

0 

09 

87 

60 

56 

82 

67 

80 

42 

70 

34 

66 

20 

47 

10 

84 

86 

63 

02 

54 

87 

50 

85 

47 

73 

33 

70 

18 

49 

10 

04 

90 

53 

88 

56 

86 

47 

86 

49 

80 

30 

81 

22 

60 

IS 

79 

•102 

59 

94 

62 

80 

32 

85 

26 

'71 

20 

9fi 

64 

"«' 

"57' 

■"92' 

'"57" 

91 

50 

86 

32 

78 

20 

68 

24 

"79 

St: 

101 

noi 

93 

60 
47 
«62 
40 

07 
08 
100 
90 

52 
54 
54 
49 

80 
95 
95 

88 

50 
45 
51 
41 

87 
91 
90 

52 
48 
54 
45 

84 

"78" 

""is" 

'"«' 

"ie" 

"82' 

"22' 

"'79* 

'12 

"w 

"io" 

'83 

98 
90 

60 
67 

98 
85 

57 
65 

94 

84 

58 
65 

91 
84 

55 
67 

88 
81 

34 
44 

78 
72 

26 
38 

"n 

"31 

'« 

84 

46 

82 

50 

80 

40 

76 

44 

72 

21 

72 

14 

62 

11 

93 

54 

03 

61 

86 

50 

87 

43 

81 

30 

79 

25 

•96 

•63 

•96 

'65 

98 

64 

92 

62 

>*) 

72 

33 

"w" 

"iffl" 

90 

60 

90 

60 

82 

52 

86 

53 

79 

30 

74 

23 

62 

18 

'72 

99 

58 

06 

65 

94 

63 

95 

54 

88 

78 

24 

•07 

97 

48 

92 

45 

94 

49 

86 

26 

83 

21 

""«7" 

"ih' 

94 

"eo' 

04 

eo 

89 

52 

86 

51 

83 

31 

80 

19 

69 

n 

96 

42 

95 

47 

00 

44 

44 

82 

21 

76 

16 

62 

14 

"si 

98 

80 

06 

52 

91 

50 

90 

52 

84 

30 

80 

21 

68 

18 

80 

ee 

68 

M 

68 

98 

64 

W 

64 

84 

S4 

78 

30 

... 
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Table  or  Maximum  and  Minimum  Temperatures  and 


January. 

February. 

March. 

April. 

Magr. 

Stations. 

• 

1 

o 

»72 

78 
80 
76 
73 

• 

.a 

o 

19 
20 
20 

2a 

26 

• 

0 

73 

76 
80 
80 
74 

• 

.a 
a 

24 

29 
32 
29 
29 

1 

0 

72 
76 
79 
79 
74 

• 

.a 

0 

16 
18 
22 
20 
24 

i 

0 

84 
86 
88 
86 
81 

• 

1 

0 

29 
30 
36 
81 
37 

• 

1 

0 

92 
86 
02 
02 
89 

• 

a 

0 

40 
41 
50 
44 
51 

North  Carolinan-Cont'd. 
Oak  EidflTO 

Pittsboro - .--- 

lUleiffh* 

Raleigh* 

Salisbury 

Smithfleld 

Soaps  tone  Mount 

22 
29 

"'75' 

28 
30 

»  «  a*  ^  M 

71 

18 
21 

"75' 

30 
38 

**84' 
90 
89 
87 
86 
90 
91 

83 
89 
80 
86 
83 
83 
75 
86 
87 
84 
81 

42 
48 
42 
54 
42 
41 
60 
41 

27 
16 
26 
22 
24 
12 
21 
27 
27 
24 
16 

Southport 

70 

Wadesboro *.. 

Washington 

Wcldon 

Willeyton --*.. 

79 
76 
76 
80 
79 

39 
41 
41 
40 
42 
35 
35 
46 
57 
32 

18 
22 
20 
27 
23 

-35 
-30 
—31 
-37 
—37 
-37 
—36 
—30 
—28 
-40 

81 
78 
80 
80 
81 

46 
41 
48 
40 
49 
33 
40 
64 
64 
40 

33 
23 
25 
32 
26 

—34 
—25 
—34 
-33 
-43 
-46 
—37 
—28 
—26 
-42 

79 
78 
81 
77 
79 

62 
45 
61 
60 
61 
47 
40 
56 
68 
44 

28 
20 
17 
22 
19 

—24 

—28 
-30 
—18 
—18 
—30 
—26 
—19 
—16 
-36 

88 
86 
86 
86 
88 

82 
83 
63 
83 
82 
77 
79 
86 
86 
82 
82 

42 
28 
26 
38 

ao 

19 
16 

11 

19 

20 

10 

7 

15 
12 
14 
18 

Wilmington 

Winslow 

North  Dakota : 

Bismarck 

Davenport -.. 

Fort  A.  Lincoln 

FortBuford' 

FortBuford* 

Fort  Pembina 

Fort  Gotten 

Fort  Yates' 

Fort  Yates* 

(lallatin 

Grand  Forks . 

Kelso ... 

Napoleon 

New  England  City.. 
Steele 

40 
42 
44 

47 

—30 
—36 
-35 
-31 

42 
48 
40 
52 

—32 
-43 
-41 
—26 

49 
60 
48 
65 

—24 

—19 
—26 
-26 

82 
87 
88 
88 

14 

16 

3 

22 

87 
86 
88 

16 
18 
19 

Wahpoton - 

Wild  Rico 

Ohio: 

Akron -.. 

65 
65 
70 
64 
66 
67 

7 
4 

10 
2 
6 

10 

64 
66 
70 
64 
64 
65 

13 
17 
16 
10 

8 
18 

69 
60 
67 
60 
58 
60 
60 
62 

"63" 
67 
63 
62 
62 
78 
62 
64 
64 
64 
60 
60 

4 
4 
—  1 
2 
4 
3 
3 
0 
8 
5 
7 
3 
6 
6 
5 
7 
4 
3 
0 
3 
2 

74 
77 
80 
74 
75 
78 
76 
74 

""78' 
80 
76 
76 
78 
76 
75 
77 
76 
74 
78 
76 

24 
29 
23 
24 
26 
21 
24 
24 
31 
29 
31 
28 
26 
26 
30 
28 
26 
28 
26 
24 
20 

63 
83 
60 
64 
68 
89 
04 
64 

"86* 
89 
85 
62 
82 
88 
88 
88 
88 
63 
67 
66 

32 
39 
30 
30 
36 
'  28 
30 
SO 
40 
86 
39 
33 
82 
82 
40 
35 
82 
34 
33 
32 
31 

Ashland 

Athens 

BanfforvlUe 

Belle  vue 

Bement ... 

BueyruB 

Canton 

60 
63 
69 
71 
67 
68 
69 
66 
67 
68 
68 
70 
68 
67 

6 
8 
8 

10 
6 
10 
10 
9 
9 
7 
6 
8 
9 
4 

65 

"67" 
70 
68 
65 
65 
69 
66 
67 
68 
64 
68 
66 

14 
19 
14 
18 
18 
15 
15 
19 
17 
16 
16 
10 
16 
10 

Cari'ollton 

Colina 

Cincinnati 

Clarksville 

Cleveland  * 

Cleveland* 

College  Hill 

Columbus - 

Columbus  Bai'raoks  . 
Dayton 

Domofl 

Elyria . 

Findlay 

'T.  C.  Harris. 


*  Signal  Service.        *  U*  S.  post  surgeoa.        •  O.  A.  H|te 
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AKNI7AL  Ranqe  of  TEMPERATURE,  FOR  1690,  ETC.— Continued. 


June. 

July. 

AuguBt. 

Septem* 
ber. 

October. 

Novem- 
ber. 

Decem- 
ber. 

• 

• 

S 

• 

0 

• 

i 

1 

■ 

• 

1 

« 

c 

• 

• 

q 

i 

• 

i 

. 

? 
bo 

1 

o 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

»89 
93 

»46 
51 

88 
88 

47 
51 

82 
82 

29 
34 

77 
75 

25 
22 

62 
66 

18 
19 

05 

58 

93 

52 

77 

08 
97 

68 

58 

95 
95 

58 
56 

92 
92 

58 
52 

91 
89 

54 
51 

88 
87 

35 
34 

67 
67 

24 
23 

79 

29 

77 

05 

65 

93 

64 

89 

58 

a') 

52 

82 

38 

75 

33 

59 

27 

71 

"08 

<>60 

96 

55 

92 

52 

91 

53 

87 

35 

78 

23 

65 

20 



58 

58 

52 

50 

32 

22 

18 

^ 

02 

65 

90 

58 

88 

58 

80 

L  58 

82 

37 

73 

33 

67 

26 

71 

m 

«60 

94 

56 

90 

50 

88 

48 

82 

35 

75 

25 

09 

56 

95 

55 

92 

47 

92 

56 

89 

32 

83 

26 

73 

20 

81 

09 

52 

97 

51 

93 

49 

92 

51 

84 

33 

79 

24 

63 

21 

79 

05 

55 

95 

55 

92 

49 

89 

54 

84 

32 

79 

22 

63 

19 

78 

100 

63 

92 

58 

89 

60 

89 

58 

86 

38 

80 

32 

74 

26 

78 

91 

46 

98 

44 

103 

40 

88 

26 

84 

22 

70 

8 

64 

_^  fr 

138 

00 
03 

43 
45 

100 
102 

42 

48 

94 
106 

35 
37 

90 
89 

30 
27 

79 

80 

20 
21 

'  69" 

8 

62 

1—  8 

139 

01 

41 

100 

45 

99 

36 

90  1 

30 

82 

24 

a") 

9 

56 

—  1 

143 

88 

42 

100 

44 

98 

36 

91  . 

29 

80 

25 

(^ 

9 

56 

-2 

143 

07 

36 

96 

'  38 

94 

30 

84 

26 

82 

23 

64 

—  2 

48 

-29 

143 

03 

42 

98 

4« 

95 

39 

87 

30 

78 

25 

76 

5 

1 

07 

47 

102 

50 

102 

40 

97 

27 

Hi) 

21 

72 

62 

—10 

132 

07 

46 

100 

50 

101 

40 

92 

27 

SI 

23 

71 

8 

53 

—  9 

129 

06 

48 

102 

50 

100 

36 

90 

28 

84 

26 

62 

0 

50 

1—22 

144 

09 

41 

94 

47 
41 

70 

1  1 

28 

63 
60 

0 
—  1 

48 
52 

—25 
—18 

95 

32 

85 

27 

05 

39 

99 

38 

101 

32 

87 

22 

TS" 

17 

67 

0 

57 

_^  ►» 

88 

34 

102 

38 

99 

33 

87 

20 

SO 

20 

(56 

5 

58 

—  6 

145 

02 

40 

108 

41 

104 

33 

97 

IS 

S(J 

11 

72 

0 

61 

—10 

149 

03 

42 

99 

44 

99 

32 

89 

2(i 

80 

25 

(JO 

0 

54 

—12 

130 

80 

51 

97 

57 

85 

50 

32 

02 

30 

60 

.   2 

54 

—16 

— 

80 

46 

93 

45 

95 

43 

86 

38 

7ft 

32 

65 

25 

47 

13 

91 

80 

56 

93 

56 

92 

50 

88 

40 

:^'] 

66 

26 

49 

9 

89 

91 

48 

»92 

M6 

95 

43 

88 

41 

81 

31) 

75 

20 

54 

8 

96 

02 

46 

94 

48 

03 

44 

86 

a5 

78 

29 

65 

20 

44 

10 

92 

00 
02 

52 
44 

94 
96 

56 
40 

96 
96 

50 
43 

78 
80 

30 
28 

64 
66 

18 
25 

48 
46 

6  !  - 

86 

35 

9 

93 

02 
01 

46 
46 

1 

96 

46 

95 

42 

86 

36 

76 

31 

07 

24 

"47" 

6 

96 

"02" 

54 
46 

""oi" 

55 
50 

"96" 

48 
4({ 

84 

38 

80 

30 

OS 

24 

59 

18 

91 

96 

54 

95 

58 

(U 

51 

89 

41 

84 

•M 

72 

27 

50 

16 

81) 

93 

51 

94 

53 

08 

45 

87 

39 

83 

31 

(>0 

21 

54 

6 

95 

89 

49 

97 

50 

96 

46 

89 

42 

81 

33 

■  (W 

28 

50 

14 

91 

89 

49 

95 

48 

92 

45 

87 

41 

81 

33 

(iS 

28 

50 

14 

89 

96 
93 

61 
53 

98 
96 

57 
50 

94 

48 

87 

38 

82 

33 

70 

24 

53 

14 

89 

96 

47 

97 

43 

95 

44 

88 

34 

83 

32 

TO 

20 

54 

11 

93 

97 

50 

99 

50 

98 

46 

88 

39 

82 

30 

>  (i!) 

53 

12 

96 

88 

54 

89 

48 

92 

45 

86 

38 

76 

32 

i)\) 

21 

48 

10 

92 

96 

47 

98 

46 

97 

43 

90 

39 

82 

3] 

()S 

28 

50 

14 

95 

9i 

45 

•96 

•45 

97 

41 

88 

33 

82 

30 

1  07 

1  19 

60 

11 

95 

C48 
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Table  of  Maxihuu  and  Miniudu  TxiiPERATiiBn  amd 


January. 

February. 

March. 

April. 

MV- 

stations. 

i 

a 

i 

H 

i  1  a 

^ 

i 

i 

Ohio-Contlnuod, 

03 

Bfl 
Ii7 
60 
00 
«i 
75 
'&i 
05 

65 
00 
70 

5 
0 

it 

4 
4 

0 

66 
64 

6.5 

65 
73 

80 
62 
00 
6.T 
08 
(!8 
72 

0.) 
09 
US 
05 

o:i 

04 
07 
04 
00 

63 
68 

66 
66 
07 
65 
62 
65 
64 
71 

12 
10 
17 
15 
14 
14 
19 
10 
14 
16 

\t 

16 
14 

14 

16 
13 
14 

J4 
10 
J12 
17 
S2 
13 

18 
15 
13 
13 
10 
13 

21 

62 

60 
66 

4 
-11 

78 
70 
81 

34 
17 
28 

0 

S5 
81 
90 
86 
84 
82 
89 
81 
81 
88 
78 
60 
87 
9S 
»1 
82 

30 
24 

as 

32 
31 
31 
35 
33 
31 
36 
31 
3! 
30 
31 
31 
2S 

Gapreltflville 

Georgetown 

62 

a 

76 
74 
81 

"75" 

78 
76 
71 

77 
78 
80 

80 
81 
78 
75 
77 
78 
74 
75 
75 
81 
86 
79 
81 
74 
79 
75 
70 
74 
70 
78 
82 
72 
76 
78 
78 
74 
73 
76 

82 
76 

"m 

81 
68 
82 

"80 
83 

•P.L, 

25 
26 
27 
26 
22 
28 
22 
30 
24 
26 
24 
18 
24 
27 
Zt 
22 
S3 
25 
£) 
27 
18 
29 
33 
25 
26 
30 
23 
26 
2o 
19 
26 
21 
32 
29 
26 
28 
20 
23 
20 
20 

32 
32 
22 
32 
18 
36 
16 

-18 
28 

ChM 

Hanging  Book 

58         0 
08  i      2 

Hiram 

JackBDDboro - 

Kent 

60 
63 
6(i 
67 
63 
05 
67 
(Ul 
02 
62 
60 
5!l 
63 
61 
69 
OS 
62 
60 
60 
61 
60 
59 
67 
SS 
61 
60 
02 
62 
67 
60 
60 
61 
60 

60 
63 

62 
54) 
59 
62 

00 
OS 

-1 

0 

3 

3 

-12 

-I 

9 

—  1 

—  2 
3 
0 
4 

-14 
8 
10 
11 
8 
5 
5 
6 
4 
-10 
4 
0 
10 
3 
5 
4 

—  4 
1 

-1 

29 

32 

10 
32 
11 

OB 

m 

70 

en 

00 
04 
00 
00 
HO 
OS 
02 

m 

72 
u3 
09 
65 

(W 
71 
06 
02 
00 
00 
70 

11 

5 

(i 

8 

n 

12 
17 

'] 
0 

5 
10 

1^&^:::::::::; 

Marielta 

86 
90 
84 
86 
93 
82 
86 

90 

35 
31 
3S 
28 
3S 
33 
32 

33 

31 

New  Alexandria ---- 
NewComeretown.-. 
North  I^wisburg.. - 

Ohio  Stale  Univ'y... 

yallnevlUe 

84 
86 
87 
86 
85 
83 

i 

90 
S4 
8S 
H 
84 
S3 
84 
84 

ftS 
84 
88 
76 
8>> 
72 
87 
83 

34 

28 
81 
35 
33 
30 
34 
28 
38 

as 

33 

37 
26 
30 
3S 
» 

38 
38 
36 
40 
27 
44 
26 
« 

Shiloh 

OpperSanduslry  .... 

Wapakoneta 

05 
05 

8 
0 

05 
07 
03 
64 

no 

05 
54 

f'i{ 

i 

16 

15 
12 
14 
13 
13 

11 
14 
14 

Id 
—11 

■SI 

r-10 

-West  Milton':::::::: 

00 
06 
05 

DO 

« 

iW 
45 

42 

4 

3 
[> 

10 
10 

21 
-14 

22 
-19 

Yeilow  Springs 

Youngstown 

Oroffon: 

Ashland' 

r,i 

Srstatt 

7 

53 

15 

•PacmcRaUwa; 
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ANNUAL  Range  of  Tsiiferatxtrb  for  1890,  btc.— Continued. 


m 

June. 

July. 

August. 

Septem- 
ber. 

October. 

Novem- 
ber. 

Decem- 
ber. 

■ 

9 

• 

. 

3 

• 

8 

• 

a 

• 

9 

• 

a 

• 

H 
eS 

.9 

i 

1 

• 

a 

9 

• 

a 

o 

2 

S 

0 

IS 

0 

0 

0 

c 

0 

a 

c 

s 

0 

2 
0 

0 

0 

» 

0 

0 

0 

97 
89 

48 
38 

98 
92 

46 
38 

98 
93 

44 

36 

82 
75 

30 

28 

■"87" 

"33* 

"65" 

"'15' 

"46* 

Hi" 

ioi 

96 

53 

98 
93 
94 

54 
48 
50 

97 
94 
92 

49 
44 
44 

88 
86 
85 

42 
37 
40 

85 

30 

72 

23 

56 

9 

96 

"90* 

'"so" 

"so" 

"32" 

"68* 

..... 

"Si* 

..... 

"89 

90 

46 

•91 

49 

92 

45 

84 

38 

79 

29 

63 

22 

49 

11 

88 

95 

52 

96 

50 

95 

45 

90 

40 

85 

29 

75 

22 

57 

12 

93 

92 

88 

56 
44 

93 
91 

45 
47 

92 
92 

37 
44 

80 
76 

31 
30 

68 
64 

20 
19 

57 
4d 

16 
13 

"86" 

"37" 

"92 

95 

50 

96 

53 

99 

47 

91 

40 

86 

31 

71 

25 

55 

11 

97 

90 

42 

94 

44 

94 

44 

70 

32 

64 

22 

52 

11 

"95* 

"ih' 

"97' 

'*45" 

"'98' 

"ll 

""87* 

"35" 

"so" 

'"28" 

"69" 

"26' 

**62" 

..... 

"92 

97 
98 

54 

49 

94 
99 

52 
44 

94 
100 

41 
44 

89 
92 

34 

38 

69 
85 

30 
30 

62 
74 

25 
20 

"66* 

..... 

"97 

92 

39 

92 

39 

96 

36 

88 

31 

76 

28 

66 

15 

44 

2 

108 

91 

48 

92 

47 

95 

44 

89 

38 

82 

33 

73 

20 

52 

8 

^  ^ 

90 

52 

92 

51 

92 

46 

87 

42 

81 

36 

74 

25 

55 

16 

94 

96 

45 

90 

46 

101 

42 

88 

37 

80 

32 

68 

23 

^1 

»»15 

92 

90 

45 

92 

47 

93 

42 

84 

35 

74 

30 

69 

21 

47 

10 

94 

92 

44 

94 

42 

94 

40 

89 

35 

SO 

30 

70 

20 

49 

3 

96 

100 

49 

101 

49 

103 

45 

91 

38 

83 

29 

67 

23 

53 

10 

101 

90 

47 

93 

45 

93 

43 

86 

38 

78 

31 

67 

26 

50 

11 

93 

04 

48 

95 

45 

94 

43 

87 

36 

82 

31 

71 

20 

53 

6 

91 

04 

36 

94 

37 

95 

36 

87 

34 

74 

30 

66 

15 

44 

—  2 

109 

99 
98 

51 
54 

99 
95 

42 

48 

88 
88 

38 
46 

83 

84 

31 
34 

73 
76 

21 
24 

55 
65 

16 
16 

"w" 

"53' 

'88 

93 

"54" 

'9a' 

"56" 

"w" 

"48* 

"92* 

"'43" 

'"si" 

"3!" 

**76" 

"25' 

'"53" 

*'i2" 

"90 

93 

51 

93 

50 

96 

46 

89 

36 

78 

32 

68 

21 

50 

8 

91 

100 

49 

100 

54. 

96 

41 

86 

34 

80 

33 

67 

24 

50 

15 

95 

94 

46 

95 

50 

96 

45 

87 

38 

80 

31 

68 

25 

51 

13 

91 

93 

52 

96 

48 

96 

43 

84 

37 

79 

30 

67 

23 

47 

11 

92 

93 

43 

95 

42 

97 

41 

87 

37 

75 

31 

65 

16 

45 

9 

107 

101 
96 

45 
39 

98 
98 

47 
42 

100 
100 

40 
41 

88 
88 

36 
34 

76 

82 

30 
29 

^ 

..... 

"69* 

*"i7* 

"so" 

166 

95 

53 

96 

53 

95 

50 

92 

46 

85 

34 

75 

26 

56 

13 

86 

92 

53 

94 

56 

95 

52 

85 

46 

82 

32 

68 

25 

48 

12 

«  H  » 

92 
100 

48 
50 

95 
103 

44 

54 

84 
88 

36 
40 

80 
85 

33 
35 

68 
68 

21 
25 

52 
53 

6 
12 

"£02" 

..... 

"99 

92 

28 

97 

38 

98 

39 

96 

37 

84 

29 

70 

23 

57 

0 

88 

46 

94 

45 

94 

40 

88 

38 

81 

30 

66 

24 

48 

15 

"93 

94 
90 

52 

48 

85 
85 

39 
34 

"76" 

29 
32 

69 
67 

21 
21 

'94" 

"43" 

"94" 

"46* 

■47* 

..... 

"96 

95 

40 

94 

52 

102 

42 

91 

42 

73 

29 

73 

25 

56 

27 

92 

93 

43 

91 

54 

86 

50 

84 

46 

69 

32 

68 

24 

53 

21 

83 

99 

37 

98 

43 

95 

41 

94 

40 

76 

29 

74 

22 

58 

20 

94 

76 

45 

76 

50 

83 

50 

76 

42 

64 

38 

64 

35 

60 

34 

67 

92 

32 

101 

37 

93 

36 

89 

24 

70 

21 

65 

15 

52 

15 

115 

72 

48 

74 

52 

74 

47 

72 

44 

68 

32 

67 

32 

60 

28 

52 

92 

25 

98 

31 

93 

33 

90 

23 

71 

12 

68 

8 

51 

6 

117 

92 
95 

30 
38 

«0 
25 

*"92" 

'46' 

r"98" 

"41" 

•  •  •«  m 

"7i" 

'27' 

"73' 

"22" 

"57" 

••• 
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Table  op  Maximum  and  .Minimum  TEMPKRATrsM  Am 


January. 

Februai-y. 

Mai-oh. 

AprU. 

Hk^. 

StaUons. 

Oregon— Continued. 

i 

50 

d 

12 
S 

1 

57 
55 

54 

57 
58 
6tl 
60 
GO 

12 

4 

27 

» 

20 

15 

-17 

1 

0 

70 
62 

fil 
62 
60 

IXi 
71 
■65 

J_ 

32 
24 

34 
20 
22 
34 
24 
10 

1 

o 
88 
87 

63 

79 
81 
71 
67 
80 

81 
84 
87 

_!_ 

o 
80 
28 

34 

24 
31 
23 
20 

IT 
26 
28 

i 

i 

0 

East  Portland 

Ellensbui'ir    (Gold 

84 

83 
84 
89 
82 
98 

44 

43 

38 
3A 
42 
» 

Eola 

61 
« 
ft* 
51 

4 

20 

,S 

Ji^«it  Grova 

Gardinep       

Oraata  Pmb 

GraM-Vallty 

Happy  Valley  (Dia- 

1 

87 
88 
88 

32 
40 

flO 
53 
60 
63 

49 
60 

65 

-3 
10 
14 

-24 

-21 
-19 

68 
65 
71 
64 
"60 
62 
61 

9 
19 
23 
27 
»4 
-3 
24 

HooS  River 

Hubbard 

42 

52 
4R 
42 
4* 

48 

-  6 
0 

12 
-24 

-  7 

-  0 

Jacksonville 

Jordan  V^ej 

.Tosenh 

80 
82 
70 
85 

26 
14 
16 
19 

88 

85 
83 

35 
» 

a 

32 

takcrtew 

47 
50 
64 
42 
60 
5.1 
57 
4.'> 
40 
38 

m 
r>4 

G3 
45 

-12 

-T 

-22 

—16 
12 
21 
4 

—28 
11 

-12 
15 
14 
4 

54 
56 
65 
52 
64 
GO 
01 
53 
48 
53 
55 
54 
CT 
52 
01 

69 
66 

73 

IW 
64 
63 

68 

-22 
11 
8 

-26 

-13 
10 
13 
10 

-30 
9 

17 
14 

42 
-11 

10 
15 
19 

20 
JT 
U 
—  7 
13 

62 
61 
M 

66 

62 
68 
72 
60 
66 

69 

68 
77 
74 
71 
67 
68 
07 
"4 

-8 
24 

10 
24 
28 
26 
9 
22 
16 
32 
30 
28 
14 

-2 
2 
6 

2 
2 

—  7 

-  fl 
6 

77 
81 
83 

eo 

89 
85 
86 

18 
86 
67 

20 
25 
28 
15 
SI 
32 
26 
29 
10 
28 

62 
89 
86 
84 
91 
87 
86 

2S 
M 
» 
S4 
» 
40 
88 

McMinnvlUe 

MoiintAngel 

North  Powder 

St.  Helens 

86 

IS 

The  Dalles 

Tillamook  ..      .. 

81 
79 
85 

81 
77 
82 
82 
83 
80 
78 
80 

84 
83 
79 
74 
81 
83 
76 
76 
19 

23 
22 
25 

24 

SS 
31 
E8 
26 
25 
18 
23 
24 
35 
30 
24 
13 
18 
22 
24 
12 
21 
16 

87 
88 
88 

88 
80 
85 
80 

35 

39 
34 

33 
25 
IS 
44 

Allegheny  Arsenal  . 

71 
09 
(14 

71 
67 

m 

i\5 

m 

C8 
M 
74 
73 
7.1 

711 

Ii2 
G3 
62 

10 

18 
IT 
IT 
11) 

8 
15 
18 
IT 
11 
ft 
li 
Hi 
Hi 

» 
2 

Si oomlntt  Grove 

Blue  Knob 

81 
83 
86 
83 

78 

40 
» 
29 
34 
33 

112  1    18 
71  !    20 
-■2  1     15 

67  6 

63,      ;: 
7:t  j    IM 

68  17 
63         2 
63       10 
60        0 

76 

11 

Chamlierebu  ig 

Charlesville 

83 
82 
80 
84 
83 
81 
17 
M 

30 
28 
29 
33 
35 
24 
29 
IS 

74 
59 
76 
73 

58 
t>4 

6e 

1—18 

-10 

6 

d 

Coopersburg 

Dyben-y 

iThoB.  Hcehan, 
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ANmxAL  Range  op  Temperature  for  1890,  etc.— Continued. 


June. 

July. 

August. 

Septem- 
ber. 

October. 

Novem- 
ber. 

Decem- 
ber. 

• 

o 

• 

3 

0 

• 

0 

• 

0 

• 

o 

• 

.5 

0 

• 

9 

0 

• 

.a 

0 

• 

0 

• 

.a 

o 

i 

0 

• 

a 

0 

>< 

0 

• 

a 

0 

• 
0 

90 

83 
92 
98 
75 
103 

46 

41 
39 
39 
42 
36 

94 

69 
89 

42 

47 
42 

84 

79 
95 

43 

50 
43 

83 

80 
87 
82 
81 
98 

36 

39 
41 
41 
43 
34 

69 

72 
74 
72 
73 
79 

30 

41 
30 
28 
37 

20 

71 

72 
73 
74 
64 
75 

.  _  _  A  M 

29 

38 
29 
26 
36 
12 

56 

64 
53 
67 
61 
67 

27 

35 
29 
28 
34 
24 

90 
"91 

76 

48 

72 
100 

49 
38 

56 

91 
99 
97 

96 
91 
86 
92 
»96 
90 
94 
92 
89 
100 
92 
96 

27 
36 
44 
'>56 
36 
26 
.  32 
40 
»29 
28 

a5 

42 
31 
36 
45 
45 

98 

101 

95 

90 

94 

• 

31 
42 
49 
42 
43 

91 
95 
98 
96 
92 

34 
45 
51 
41 
47 

89 
90 
90 

84 
90 

27 
28 
38 
34 
41 

76 
77 
68 
69 
69 

12 
26 
33 
28 
30 

71 
63 
72 
68 

21 
27 

27 

66 
60 
68 
63 

24 
27 
24 
21 

118 
104 

'84 

95 
99 
98 
92 
95 
92 
99 
105 
95 
93 

34 
42 
40 
30 
38 
45 
33 
40 
48 
45 

85 
90 
92 
80 
<»93 
86 

26 

28 

^^9 

28 
40 

68 
70 
81 
72 
74 
67 
75 
78 
72 
77 

20 
31 
23 
13 
28 
31 
11 
23 
35 
32 

66 
68 
75 
68 
74 
73 
63 
68 
73 
72 

18 
20 
20 
22 
24 
26 
7 

14 
30 
25 

52 
56 
67 
66 
56 
67 

16 
18 
16 
22 
26 
27 

93 

99 

40 
40 

118 

100 
97 
90 
99 
96 
95 

'38 
42 
33 
44 

48 
48 

98 
98 

90 
84 
89 

26 
40 
41 

63 

67 
62 

21 
28 
24 

121 
86 
83 

65 
66 
61 

6 
30 
26 

90 
98 

40 
43 

90 
98 
72 

50 
46 
47 

90 
94 
70 

45 

47 
49 

80 
87 
75 
80 
85 

45 
36 
40 
33 
35 

73 

m 

69 

30 
31 
36 

60 
64 

37 
22 

81 

89 
.  92 

37 
38 

64 
64 

32 
32 

94 

41 

97 
97 

98 
94 

43 
44 

• 

43 
51 

71 

29 

94 
93 
94 
96 
94 
94 
90 
92 
97 
90 

46 
47 
66 
69 
50 
64 
44 
42 
44 
60 

97 

97 

102 

99 

49 
48 
62 
56 

91 

87 

36 
35 

77 
74 

33 

38 

"69" 

20 
22 

"66" 

10 
14 

100 
92 

92 
89 
90 
94 

"92" 
90 

51 
49 
43 
44 
39 
44 
43 

93 

86 
88 
87 

40 
34 
36 
31 

78 
75 
78 
71 

27 
27 
26 
26 

63 

08 
09 
68 

18 
21 
16 
10 
15 
19 
22 

65 

10 

92 

98 
93 
93 
101 
96 

46 
47 

40 
43 

48 

45 
44 

"'56* 
45 

0 
6 
..... 

10 

98 
101 

91 

85 

32 
30 

79 

72 

1  31 
29 

()6 
64 

95 

78 
05 
73 
77 
74 
76 

74 

28 
28 
29 
25 
30 
28 
28 
21 

69 
73 
<^63 
73 
69 
68 

■ 

17 

16 

17 
21 
16 

68 
69 

6 
—  5 

91 

33 

97 

40 

89 

37 

84 

29 

115 

90 
90 

88 

48 
60 
34 
45 
88 

99 
96 
92 
90 
90 

4:) 
48 
36 
65 
35 

95 
91 
95 
88 
86 

42 
50 
40 
42 
40 

91 
87 
90 
81 
82 

35 
38 
30 
35 
25 

53 
53 

44 

7 

11 
—  4 

93 

91 

111 

«6 

65 

'  ii 

43 

— ii 

101 

^ 
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Tabids  of  Maximum  and  Mnnuuu  Tsmfsratdbis  asd 


January. 

February. 

March. 

April. 

May. 

Stations. 

1 

o 
57 

• 

c 
S 

o 

5 
17 

8 

9 
13 
18 

8 
20 
10 
14 

6 

15 
8 
9 

12 

• 

1 

o 
55 

• 

••H 

s 

0 
8 

1 

0 
54 

• 

0 
—  3 

1 

0 
74 

• 

a 

■ 

1 

0 
67 

• 
e 

MM 

c 
26 

Pennsj'lvania— Cont'd. 

EiaglesMere 

Easton 

0 

20 
31 
16 
18 
22 
25 
20 

Kdinboro 

59 
62 
68 
64 
58 
70 
75 
64 
60 
66 
67 
71 
62 
72 

58 
65 
67 
71 
60 
65 
72 
64 
60 
64 
74 
68 
59 
68 
64 
67 
59 
70 
57 
66 
72 

10 
7 

14 

18 

8 

20 

19 

15 

12 

12 

18 

4 

3 

8 

11 

12 

18 

15 

6 

16 

16 

58 
57 
62 
74 
58 

—  6 

—13 

2 

7 
-8 

68 
81 
76 

81 
74 

77 
81 
79 
85 
80 
78 
83 
76 
80 

29 
28 
» 
38 

30 
42 
32 
31 
28 

Emporium 

Erie 

Frankford  Arsenal.. 
Franklin 

Germantown* 

Gettysburg 

Gii-ardville 

8:) 

77 
76 
76 
81 
80 
1 1 
81 
75 
75 
74 
79 
78 
^ 
85 
87 
84 
85 
82 
82 
73 

"82" 
82 
78 

"'si" 

81 
78 

21 
22 
14 
20 
28 
20 
19 
20 
18 
23 
30 
19 
20 
22 
23 
19 
20 
20 
22 
20 
17 
24 
22 
20 
21 
30 
20 
30 
18 

67 
62 
61 
72 
63 
64 
62 
66 

64 
76 
61 
61 

5 
—14 

—  8 
8 

—16 

—  1 

—  5 

—  8 

—  4 
7 

—  4 
0 
2 

Grampian  Hills 

Greenville 

Harrisburg 

79 
84 
76 

88 

82' 

74 

80 

77 

83 

38 

2»! 

2» 

31 

"ii* 

42 
34 
30 
30 

UolUdaysburg 

Honesdale 

Huntingdon 

Indiana 

Johnstown  .  „ 

72 
59 
58 
59 
65 
66 

10 

17 

15 

7 

15 
13 

Kennett  Square 

TATicaeter 

LeRoy 

Lewisburg 

Lewistown .......... 

83      31 
86      28 
80      29 
85  1    29 

T^gonier ----- 

I.iOck  Haven 

66 
66 
74 
64 

12 
13 
13 
12 

68 
68 
71 
67 

12 
12 
16 
14 

51 
71 
71 

72 
58 

"73" 
68 
65 

"hi 
73 

66 

—12 
4 

—  3 
6 

—  3 

—  3 
2 

—  1 
3 

—  2 

—  6 

9 
—21 

Lynnport 

McConnellsburg 

Mauch  Chunk 

Meadville 

80 
79 
79 

34 

30| 
30 

Meshoppen - 

12 
20 
10 

8 
16 

8 
19 

5 

■76' 
79 
65 

"69" 
69 
63 

8 
15 
16 
12 
15 

9 
21 

4 

r 

Mverstown .-- 

66 
67 
68 

82 

321 

New  Bloomfield 

1 

New  Castle 

85 

84 
83 

26 
23 
30 
39 
2S 

Nisbet 

Petersburer 

70 
72 
65 

Philadelphia 

Philipsburg 

Phoenixville   .... 

Pittsburg 

71 

11 

I* 

1    19 
14 

^^ 
6 

8 
14 

3 
11 

7 
18 

8 
12 
18 
10 

68 

"71' 
69 
70 
63 
59 

16 

8 

19 

15 

.    17 

68 

"76" 
73 
75 
59 
62 

5 
0 
5 
4 
9 
—  8 
0 

78 

"83* 
82 
83 
76 
73 
82 
76 
80 
76 
80 
78 
82 
82 
79 

28 
20 
28 
22 
19 
18 
22 
25 
21 
19 
23 
24 
26 
22 
28 
28 

86 
81 

37 
33 
Ti 
Si 

Pleasant  Mount 

Pottstown 

67 
70 
66 
61 
58 
66 
65 
64 
65 
67 
71 
64 
70 
72 

Quakertown 

Keadincr .  - 

Rimersburgh 

Salem  Comers 

Selins  Grove .-..- 

88 
96 
81 
82 
78 
76 
82 
96 
77 
82 
M 

36 
31 
34 
26 
30 
27 
38 
38 
81 
47 
34 

Somerset ........ 

65 
63 
69 
68 

10 

9 

10 

21 

65 
65 
64 
72 
68 
64 
70 
74 

-17 
5 

—  6 
8 

—14 

—  6 
2 

-10 

South  Eaton 

State  College 

Swarthmore 

Tipton 

Trov 

61 

72 
66 

10 
21 
19 

Tusoarora  (Kilmer) . 
Uniontown 

*  Tlios.  Meelum. 
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Annual  Banob  of  Temperature  for  1890,  etc.— <>>ntinued. 


June. 

July. 

August. 

Septem- 
ber. 

October. 

Novem- 
ber. 

Decem- 
ber. 

• 

• 

1 

• 

0 

• 

a 

s 

0 

• 
0 

• 

3 

• 

• 

a 

• 

0 

• 

c 
.^ 

0 

m 

0 

• 

a 
0 

m 

X 

OS 

0 

■ 

• 

o 

0 

0 

0 

0 

0 

80 

42 

88 

45 

82 

41 

79 

34 

64 

29 

54 

12 

38 

h-4 

92 

"io 

62 
44 

54 
34 

10 

9 

80 

42 

90 

83 

34 

69 

30 

61 

20 

37 

96 

91 

39 

94 

38 

92 

35 

84 

32 

75 

29 

67 

18 

48 

7 

107 

85 

46 

94 

50 

89 

47 

87 

39 

73 

32 

66 

26 

51 

9 

92 

94 

50 

99 

48 

95 

46 

89 

40 

80 

26 

71 

20 

52 

11 

92 

88 
89 

44 

60 

92 
95 

46 
55 

92 
90 

40 
59 

84 
86 

32 
44 

1 

70 

34 

69 

22 

46 

18" 

94 
89 

42 
47 

100 
92 

41 
44 

98 
85 

45 
40 

84 

36 

70 

31 

62 

19 

46 

10 

87 

90 

40 

96 

42 

94 

46 

84 

34 

74 

30 

68 

16 

44 

0 

110 

89 

43 

95 

38 

96 

37 

87 

as 

73 

32 

66 

14 

50 

1 

92 

51 

96 

50 

88 

50 

86 

42 

76 

34 

64 

22 

55 

14 

88 

95 

40 

98 

40 

96 

43 

89 

29 

77 

27 

71 

20 

57 

h-2 

112 

87 

44 

89 

40 

87 

41 

82 

32 

69 

25 

59 

15 

45 

—  9 

98 

93 

39 

98 

33 

93 

40 

88 

31 

78 

24 

*»73 

020 

52 

5 

103 

94 
93 

41 
45 

84 
84 

32 
36 

76 
76 

28 
34 

•  70 

15 

47 
51 

7 
7 

88 
84 
92 
90 

41 
57 
46 
42 

94 

44 

79 
84 

30 
32 

76 
70 

27 
29 

68 
65 

38 
16 

»»56 
40 

■9 
0 

93 

46 

88 

45 

93 

94 

45 

100 

44 

93 

42 

88 

34 

75 

26 

64 

19 

48 

6 

98 

95 
91 

45 
39 

100 
94 

46 
40 

93 
96 

43 
38 

87 

30 

76 

28 

15 

52 

4 

92 
97 
91 

42 
45 
42 

97 
96 
97 

42 
43 
45 

94 
92 
92 

41 
41 
40 

90 
87 
91 

33 
30 
35 

75 

26 

50 

0 

78 

32 

68 

18 

58 

6 

166 

93 

44 

95 

42 

91 

46 

87 

31 

75 

23 

17 

48 

4 

91 

86 

50 

91 

47 

91 

84 

35 

71 

32 

65 

15 

43 

8 

95 

47 

98 

44 

92 

40 

90 

33 

80 

26 

67 

19 

52 

1 

97 

91 

38 

95 

38 

98 

36 

90 

28 

76 

28 

68 

14 

45 

2 

96 

58 

54 

53 

• 

40 

65 

32 

21 

3 

95 

42 

100 

45 

96 

46 

102 

33 

84 

26 

74 

20 

58 

4 

106 

92 

55 

97 

54 

94 

51 

88 

45 

79 

36 

70 

23 

52 

17 

88 

<92 

W 

94 

35 

94 

39 

89 

27 

75 

28 

«70 

'19 

50 

—  8 

115 

88 
89 

36 
40 

74 
78 

29 
35 

73 
73 

22 
23 

54 
52 

10 
16 

92 

47 

94 

53 

94 

45 

89 

"94' 

50 
51 

"99" 

49 
61 

40 
39 

"75' 

31 

28 

"7i' 

14 
21 

94 

50 

89 

53 

12 

94 

90 

45 

96 

42 

90 

44 

87 

34 

76 

22 

71 

18 

52 

5 

92 

94 
92 

58 
50 

93 

88 

40 
54 

82 

82 

34 

47 

74 
79 

30 
34 

62 
65 

18 
18 

46 
40 

0 
12 

85 

46 

92 

92 

99 

52 

94 

87 

37 

81 

60 

18 

47 

6 

86 

45 

92 

40 

03 

34 

83 

32 

75 

28 

70 

32 

50 

1 

110 

87 

44 

92 

43 

88 

47 

82 

35 

75 

26 

61 

17 

47 

—  3 

9r> 

88 

43 

94 

41 

90 

44 

86 

32 

73 

28 

66 

17 

48 

1 

100 

i 

96 

50 

<»92 

<50 

86 

43 

77 

31 

71 

22 

51 

15 

W07 

88 

?55 

■  48 

110 
98 

50 

48 

?107 
91 

50 
47 

90 

.^'S 

79 
71 

34 
32 

76 

in 

21 
20 

»80  j  ^2 

50 

—13 

111 

97 

60 

101 

57 

92 

53 

90   40 

76 

32 

65 

22 

53 

10 

99 

91 

43 

94 

48 

95 

43 

87 

41 

79 

36 

78 

20 

53 

9 

105 

REPOBT  OF   THE   CHIEF   SIGNAL   OFFICES- 

TABI.E  OF  Maximum  and  Minimum  TftupEKATURia  An 


January. 

February. 

Maroh. 

April. 

M»y. 

Stations. 

1 

1 

i 

X 

X 

i 

. 

S 

1 

1 

i 

PennayWanla— Cont'd. 

Waynosburg 

WollaborouKh 

"West  Che  atflr 

TO 
AH 
72 

"58 
flfj 
(M 
«fi 

57 

m 

03 
61 
63 

58 
69 
M 
63 

76 

n 
10 
Ifl 
■18 
12 

fl 
12 

14 
12 
10 

9 
11 
15 
12 
13 

8 

28 

h 

60 

70 
8fi 
63 

70 

58 
50 
64 
64 
63 
65 
62 
70 
R-> 
04 

82 

<= 

° 

<^ 

° 

° 

86 
80 
82 
B2 
89 

0 

""» 

K 
36 
30 

4 
18 
19 
12 
10 
I!) 

14 
13 

10 
8 
8 
12 
10 
10 
5 

35 

64 
73 
72 
71 

75 

53 
56 
5fi 
67 
67 
59 
62 
72 
66 
67 

83 

-8 

5 
8 

-4 

4 

11 

6 
5 
5 
3 
3 
10 
6 
6 

25 

82 
80 

20 
25 

Wilkes  Barro - 

83 
"80 
82 

63 
62 
70 
70 
7G 
71 
67 
73 
70 
70 

23 
"IS 
23 

28 
25 
24 
24 
22 
23 
28 
26 
28 
23 

83 

66 
78 
70 
77 
15 
78 

34 

•42 
41 
35 
35 

Rhode  Iiland : 
Blook  Island 

Bristol 

Fort  Adams 

NarraganBett  Plor. . 

•n 

39 

60 

37 

South  Carolina 
Aiken       ...     . 

90 
94 
87 
92 
92 

M 
43 
G 
46 
40 

76 

28 

79 

31  1    78 

10 

85 

35 

fiO 
78 
80 

2G 
36 
24 

81 

79 
79 

20 
30 

82 
82 

25 
21 

88 
88 

47 
36 

86 
M 
K 
91 
88 

i 

88 

90 
90 
92 

90 

88 
H 

SO 
S6 
86 
86 
82 
91 
88 

93 
96 

51 
42 
33 
4S 
55 
36 
49 
38 
42 

ts 

42 

43 
48 

42 
45 
43 
30 
40 
46 
63 
41 
49 
42 
40 

IS 
£3 

Chei'aw 

78 
81 

27 
30 

82 

32 

83 
80 
74 

21 
30 
18 

86 
86 

40 
42 

"li 

24 

74 

80 

20 
27 

fin 

83 

38 

78 

20 
24 

BardeeTille 

91 

36 

Kingatree.    ... 

24 
36 

"■li" 

33 
30 

"-,'&' 

22 
27 

"88' 

39 
48 

74 

82 
70 

IS 
11 
20 
32 

90 

ee 

82 
89 
81 
90 

87 

33 
31 
42 
41 
45 
33 
40 
37 
33 

10 
20 

Hpartanbui-ff^ 

Bpartanbm-g« 

70 
7« 

17 

2l( 

is  i    21 
7-'*  1    no 

..: .  ""1  "1  " 

82  ,    :M  1    83 
72  1    :i3      71 
7<1  i    32  1    7!t 

33 
28 
18 
16 

Winnalioro 

YorkviUo 

South  Dakota: 

78  '    ^4 
1 

.Mcxanilria 

4'i 

-24 

.-rfl 

-2.> 

47 

-14  1  8;i 

BEPOET  OF  THE  CHIEF  SIGNAL  OFFICER. 
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ANiniAii  Bamqe  or  TJOMPSftATuas  fou  1890,  STC-^Continued. 


June. 

July. 

Auflrnat. 

Soptem- 
oer. 

October. 

Novem- 
ber. 

Decem- 
ber. 

• 

o 

a 

3 

1 

• 

s 

• 

• 

s 

m 

,a 

■ 

• 

d 

• 
G8 

■ 

»f4 

i 

• 

• 

bo 

S 

o 

0 

s 

a 

o 

0 

s 

S 
o 

s 

s 

s 

K 

0 

o 

o 

0 

0 

o 

0 

0 

o 

93 
90 

""io' 

92 
94 

54 
85 

94 

88 

40 
40 

84 
88 

31 
30 

71 
75 

27 
26 

65 

16 

45 

--10 

104 

00 

51 

96 

51 

90 

46 

86 

41 

74 

32 

71 

20 

51 

14 

91 

89 
91 

50 
42 

85 
88 

40 
32 

72 
79 

29 
24 

70 

22 

50 
48 

13 
—  9 

98 

41 

91 

41 

00 

40 

97 

as 

91 

42 

85 

31 

75 

22 

66 

17 

43 

^9 

94 

46 

101 

43 

93 

42 

88 

34 

77 

28 

69 

19 

56 

6 

97 

80 

50 

85 

54 

79 

53 

74 

48 

70 

41 

60 

19 

54 

10 

75 

85 

48 

88 

60 

81 

50 

80 

38 

70 

34 

64 

16 

50 

5 

83 

83 

46 

93 

47 

88 

46 

82 

40 

80 

34 

58 

15 

55 

4 

89 

86 

43 

92 

47 

89 

38 

80 

34 

75 

32 

69 

13 

54 

1 

91 

86 

47 

91 

47 

84 

45 

81 

36 

72 

32 

69 

13 

52 

3 

88 

88 

48 

90 

47 

87 

47 

81 

36 

75 

31 

68 

14 

55 

4 

87 

86 
85 

52 
51 

80 

82 

42 
40 

74 
76 

35 
35 

64 
70 

19 
16 

93 

52 

87 

52 

54 

6 

88 

88 

50 

96 

52 

90 

52 

81 

40 

74 

35 

67 

16 

52 

6 

^  ^ 

88 

44 

95 

46 

90 

48 

83 

34 

80 

29 

68 

78 
79 
78 
76 

13 

33 
82 
31 
26 

51 
70 

2 
27 

93 

100 

100 

97 

65 
64 
64 

98 
98 
95 

60 
60 
61 

95 
95 
91 

57 
57 
56 

91 
90 

80 

55 
52 
50 

88 
84 
84 

36 
30 
31 

67 

22 

78 

100 
102 

66 
62 

100 

100 

104 

92 

61 
56 
58 
66 

96 
92 
95 
93 

57 
56 
52 

a5 

90 
90 
f)5 
90 

55 
54 
52 
58 

86 
86 
88 
89 

35 
32 
33- 
41 

80 
82 
80 
81 

30 
26 
28 
38 

68 
75 

27 
84 

98 

69 

73 

103 

61 

102 

56 

96 

52 

90 

54 

88 

32 

84 

24 

68 

19 

84 

102 

"»74 

94 

60 

95 

61 

93 

59 

89 

42 

83 

36 

99 

65 

95 

HI 

93 

57 

91 

53 

87 

33 

81 

28 

68 

25 

78 

97 
97 

66 
62 

93 
94 

58 
63 

87 

ai 

46 
30 

84 
76 

28 
20 

76 
68 

24 
20 

91 

57 

87 

50 

100 

62 

99 

57 

94 

58 

91 

54 

88 

44 

78 

28 





96 
102 

98 
100 

60 
60 
64 
60 

97 
94 
99 

6;j 

60 
60 
57 

80 
96 
96 
95 

55 
55 
60 
54 

90 
91 
90 
92 

50 
51 
52 
57 

85 
85 
88 
88 

30 
32 
40 
34 

81 
79 
80 

84 

20 
30 
36 
32 

75 

23 

100 

59 
61 

99 

57 
62 

94 

57 
58 

98 

55 
55 

89 

34 
32 

82 

28 
23 

25 

97 

73 

94 

70 

94 

68 

90 

59 

86 

45 

80 

39 

73 

34 

70 

100 

98 

102 

64 
64 
62 

96 
100 

57 
61 

56  1 

94 
94 
95 

5($ 

58 
58 

93 
90 
93 

56 
54 
51 

87 
86 
89 

3ri 
44 
29 

86 
82 
80 

32 
20 
25 

68" 

22 

99 

56 

98 

52. 

W) 

50 

92 

49 

90 

75 

aj 

76 

14 

88 

94 

00 

98 

59 

92 

50 

92 

50 

88 

34 

82 

26 

(>8 

24 

78 

95 

06 

93 

60 

90 

58 

87 

55 

85 

38 

78 

33 

69 

26 

73 

95 
99 
88 

69 
68 
68 

88 
96 
89 

95 

70 
58 
64 

m 

56 

86 
96 
91 

58 
61 
55 
51 

89 

59 

88 

36 

76 
73 

82 
80 

32 
25 
32 
27 

72 
66 

28 
20 

83 
91 
91 

55 
56 
40 

85 
85 

30 
30 

97 

61 

68 

24 

81 

96 

30 

•103 

«;w 

100 

35 

as 

20 

82 

12 

63 

1 

51 

—  0 

98 

45 

103 

46 

103 

:?7 

95 

26 

79 

15 

68 

—  1 

62 

-14, 

128 

*1 
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Table  of  Maximum  and  Minimdm  Temferatubbb  m 


Stations. 


South  Dakota— Ck)nt'd. 

Brookings 

Canton 

Clark 

Cross  (Etta  Mine).. 

De  Smet 

Flandreau 

Fort  Bennett 

Fort  Meade 

Fort  Randall 

Fort  Sully* 

FortSully* 

Highmore 

Howard 

Huron 

Kimball 

Milbank 

Oelrichs 

Onida 

Parkston 

Rapid  City 

St.  Lawrence 

Soranton 

Sioux  Falls 

Spearfish 

Vermillion 

Webster 

Wolsey — 

Woonsocket 

Yankton 

Tennessee: 

Anderson  ville 

Arlington 

Ashwood 

Austin 

Bolivar* 

Bolivar* 

Brownsville 

Chattanooga 

Clarks  ville 

Cog  Hill 

Covington* 

Covington 

Cumberland  Gap 

Dare 


January. 


9 


o 

43 
53 
44 


34 


46 
54 
58 
48 
46 


43 
45 


Dyersburg* 

Dyorsburg 

Fayette  vilie 

Florence  Station 

Franklin 

Grand  Junction 

Greeneville 

Grief 

Hohenwald 


1—28 
-24 
1-31 


40 
52 
56 


40 


55 
55 
50 
44 
44 
56 

76 


71 
76 
75 


75 
73 
75 
75 


69 


o 

-28 
-24 
-28 


-25 
-24 
-25 
-26 
-24 
-24 
-25 


—20 
—26 
—24 


February. 


9 


o 

48 
58 
50 


o 

—35 
—23 
—20 


55 
63 
59 
56 
56 


45 
56 


—23 


—20 
—24 
-30 
-29 
—28 

_*>o 


21 


24 
21 
25 


25 
19 
27 
24 


09 


74 
73 
74 


72 
73 


22 

26 


22 
23 
20 


46 
58 
66 


44 


s 


-17 
1—26 
—28 
—29 
—23 
—31 
—30 


—24 
1—27 


—28 
—29 
—27 


—33 


62 
58 
50 
48 
48 
60 

71 


—23 
—25 

—28 
—28 
—29 
—17 

26 


75 
75 


78 
74 
78 
73 


74 


73 

78 


78 
74 


24 
24 


27 
22 
30 
26 


March. 


o 

54 
54 
59 


38 


68 
64 
65 
68 
69 
62 


50 
60 


a 


o 

-28 
-12 
-16 
-4 
-11 
-15 
-13 
-1 
-3 
-11 
-12 
-17 


-15 
-10 


69 
56 
56 

68 


60 


66 
57 
51 
52 
54 
56 

74 


70 
73 


76 
75 
80 

77 


28 


23 

28 
26 


67 


26 

28 


78  ;  18 


79 
77 
75 
69 


72 
72 
75 


-12 

2 

-12 

-  3 


—12 


3 
-10 
-23 
-16 
-16 
-7 

16 


16 
16 


15 
13 
21 

18 


16 


14 
13 
18 
18 


18 
16 
16 


April.    ICi^. 


9 


o 

84 
84 
85 
69 
63 


89 
81 
84 
90 
86 
87 


84 
82 
60 
^78 
84 
82 
82 


87 


76 
80 
80 

82 
84 
86 

78 


80 
82 


86 
82 
83 
79 


76 


83 
81 
84 
76 


o 

10 
15 
14 
14 
27 
10 
12 
6 
20 
19 
18 
13 


17 
18 


kll 

19 

18 

8 


30 


20 
13 
11 
13 
16 
15 

31 


39 
34 


38 
35 
42 
40 


32 


78 
82 
85 


41 
37 
42 
40 


81 


I  U.  S.  post  surgeon. 
*  Signal  Service. 


*  H.  C.  Calahan. 
iF.  S.  Luther  (Hospital  for 
Insane). 


i  J.  L  Hall. 
•J.  F.  Ptaiwtk 


I 


o 
91 


71 


91 
91 


90 


91 

87 
91 
90 
88 
90 


94 


83 
88 
90 
96 
96 


86 


87 


s 

J 

s 


24 


20 
24 

27 
27 
30 


27 


25 
30 
24 


19 


40 
42 


40 
46 
40 
89 
50 
49 
42 


81 


45 


41 


84 


BEPOET  OF  THE  CHIEF  SIGXAI.  (>Kt'ICKr.. 
AinnjAL  Baitgb  op  Tempera'ture  FOit  IftlKJ,  ETC.— Continued. 


June. 

July. 

AuguBt. 

^ 

T' 

Outobcp. 

'  bcr. 

Decam- 
ber. 

i 

d 

1 

fl 

i 

d 

i 

^ 

i 

^ 

H 

i 

,; 

.2" 

1 

S 

s 

S 

S 

S 

s 

s 

% 

K 

_L 

s 

3 

^ 

s 

£ 

~I~ 

0 

~ 

0 

0 

0 

0 

c 

~ 

^ 

~ 

□ 

~^ 

a 

J 

so 

39 

94 

41 

99 

35 

91 

25 

74 

28 

r>8 

0 

56 

-20^34 

m 

47 

101 

49 

fti 

39 

S7 

31) 

7(1 

25 

65 

58 

-12  !I25 

05 

43 

105 

41 

99 

35 

91 

7!l 

19 

M 

54 

-20  J133 

97 

40 

'96 

^38 

'Br, 

"74 

"■](> 

82 

62 

"85" 

"hs 

82 

53 

77 

40 

"62" 

"27' 

53 

11 

-13" 

110 

94 

43 

95 

43 

98 

37 

91 

26 

12 

75 

"'53* 

19 

124 

102 

42 

107 

45 

106 

41 

ill 

.» 

86 

IR 

0 

61 

-  9 

133 

96 

43 

101 

51 

101 

43 

87 

28 

74 

70 

10 

73 

—  5 

130 

96 

49 

104 

60 

103 

42 

98 

30 

SO 

18 

10 

70 

-6 

138 

99 

50 

106 

56 

105 

43 

93 

33 

Sli 

20 

3 

64 

137 

99 

49 

103 

55 

103 

43 

93 

33 

85 

21 

77 

8 

133 

96 

36 

105 

43 

105 

34 

96 

28 

ei 

19 

69 

0 

57 

-9 

100 
102 

35 

35 

94 
94 

23 
25 

76 
79 

10 
14 

65 
70 

9 

0 

54 
54 

-20 
—16 

"'m' 

"45" 

ios 

"47" 

13i 

97 

44 

105 

51 

102 

39 

95 

138 

74 

19 

62 

60 

-3 

132 

98 

54 

98 

50 

106 

48 

97 

33 

85 

29 

78 

6 

60 

10* 
104 
95 

39 
53 

45 

104 
'104 

39 

«40 

93 

25 
24 

81 

84 

16 

19 

70 
69 

10 
4 

60 

0 

"92' 

"ie" 

"70' 

—  4 

99 

45 

99 

55 

'iof 

"46 ' 

"'92' 

"32" 

"79 

"'25' 

75 

"13' 

75 

3 

128 

101 
102 

«53 
51 

92 
S9 

32 
32 

180 

J28 

58 
55 

—  9 

"97" 

"54' 

'160' 

"59" 

"eo" 

..... 

-7.:i33 

92 

52 

96 

54 

98 

36 

87 

34 

74 

22 

60 

0 

52 

-17 

96 

44 

105 

81 

96 

47 

88 

33 

78 

29 

69 

18 

71 

4 

123 

97 

48 

101 

t> 

90 

39 

32 

21 

10 

53 

-8 

126 

88 

44 

98 

43 

98 

31 

"&',' 

24 

26 

""70" 

56 

-19 

128 

95 

50 

104 

59 

103 

34 

90 

26 

15 

68 

65 

-11 

133 

99 

42 

105 

46 

KM 

32 

95 

24 

80 

12 

69 

—6 

57 

-21 

134 

93 

60 

98 

51 

99 

41 

03 

33 

74 

9 

67 

-7 

121 

93 

68 

95 

57 

92 

48 

89 

52 

79 

;io 

76 

33 

56 

18 

79 

98 

56 

98 

54 

03 

50 

91) 

46 

86 

;i4 

76 

32 

96 

65 

97 

63 

92 

53 

8(i 

50 

«3 

33 

76 

28 

'  65' 

"23" 

"si 

96 

64 

98 

56 

96 

53 

88 

50 

84 

3:t 

76 

24 

62 

20 

82 

"92 

"74 

»M 

»70 

85 

69 

Hfi 

35 

78 

30 

94 
JOO 

60 
62 

96 
100 

Hi 
60 

92 
9(J 

54 
6.5 

90 

47  ■ 

4S 

86 
8H 

30 
30 

78 

78 

30 

9fi 

62 

95 

(U 

93 

56 

UO 

55 

84 

:b 

79 

28 

""ffi" 

"26" 

"80 

98 

60 

08 

61 

95 

54 

89 

44 

84 

33 

eo 

36 

63 

20 

85 

100 

65 

100 

70 

!tl 

91 

94 

64 

"96' 

"ai' 

87 

49 

"84" 

"'36" 

w 

"30" 

"68" 

"'21" 

"78 

98 

60 

100 

55 

97 

53 

!«» 

48 

84 

30 

32 

86 

66 

86 

95 
B6 

57 
61 
64 

82 
93 
96 

50 
5A 
58 

82 

52 

i 

31 

30 

74 

77 

2(; 

"55" 

"21" 

"w 

"s» 

"m 

"96' 

"in' 

104 

67 

104 

55 

99 

52 

97 

4.", 

811 

98 

62 

98 

64 

93 

57 

90 

ito 

7(i 

38 

"w>' 

"24" 

80 

94 

68 

W 

63 

91 

58 

8H 

52 

31 

!■• 

30 

K, 

23 

70 

91 
89 

5t) 
47 

8(i 

30 
28 

77 

38 

:io 

66 

30 

"w" 

"eo" 

166 

"58^ 

"93' 

"so" 

69 

61 

90 

61 

85 

52 

81 

7(i 

30 

75 

"59" 

"zi" 

'72 

98 
102 

58 
68 

93 
(IT 

51 
48 

ioi" 

"55 

'03" 

"ia 

"ai" 

■'20" 

"ao" 

"'3i" 

"to" 

"ia" 

"» 
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Table  of  Maximum  and  Minimum  Temperatures  and 


Stations. 


Tennesseo — Continued . 

Jacksboro 

Kingston  Springs ... 

Knoxville 

Lawrencoburg 

Lewisburg 

Lookout  Mountain  . 

Lynnvillo 

McKenzie 

Memphis 

Milan^ 

Milan  

Missionary  Ridge . . 

Nashville 

Nunnellv 

Parksville 

Riddleton 

Rogersville 

Rugby 

Savannah 

Sharps 

Springdale 

Trenton 

Union  City 

Watkins 

Waynesboro 

Woodstock 

Texas: 

Abilene 

Austin* 

Austin' 

Belton 

Berlin 

Brady 

Brazoria 

Brenham  

Brownavillo 

Brownwood 

Burnot 

Caddo  Poak 

Camp  del  Rio 

Camp  Plagle  i'ass 

Camp  Pena  Colorado 

Chiklrrss 

Cold  Water 

CoUeflfe  Stat  i(m 

Colorado 

Columbia 

Corpus  ChrLsti 

Corsioana* 

Cor«<icana* 

(Hkto - 

Dallas" 

Dallas" -- 

D«»oatar 

J  Dr.  M.  1>.  L.  Jordan. 


January. 


February. 


12 
72 
73 
64 
73 


72 

70 
79 
74 


0 

20 
21 
24 
21 
23 


20 
25 
23 
21 


75 
76 
72 
76 
70 
66 
75 


20 
20 
24 
20 
20 
16 
24 


78 
72 


77 
73 
79 

83 

80 
80 


i82 
79 


20 

90 


I 


0 

73 
74 
76 
74 
74 


76 
74 
79 
74 


77 
75 
74 
75 
70 
72 


76 
72 
74 


18 
24 
24 

17 
26 

28 


31 


78 
74 

77 

85 
80 
81 


S2 
80 


37 
17 


80       18 


81 

88 


84 
SO 
Si) 


17 
11 
20 


26 
15 
30 
31' 


^85 
83 
83 
89 
81 


83 
IK) 
93 
83 
86 


84 

82' 

8r> 


d 


o 

24 
21 
26 
22 
23 


20 
26 
26 
24 


23 
22 

27 
23 
28 
20 


28 
26 
23 


25 
24 

27 

12 
22 

O.) 


March. 


M 


o 

70 
71 
76 
73 
72 


70 
78 
81 

77 


79 
72 
74 
75 
72 
69 
74 
72 
70 
65 


70 
72 

72 


92 

89 
91 


n5 

30 
23 
36 
17 


14 
18 
27 
16 
5 


20 

30 
30 


93 

84 
90 
89 
91 


89 
105 
105 

87 
100 


I     85       30 


I 


77  I     20 

so      in 


s:j 


82 
84 
84 


IS 
11 
10 


90 
94 

8^*5 
S9 
88 


a 


o 

15 
17 
15 
16 
19 


10 
18 
17 
15 


16 
15 
18 
16 
19 
13 
22 
18 
18 
10 


16 
20 
16 

20 


25 


14 
24 
23 
31 
17 


April. 


9 


79 
82 
80 
78 
79 


80 
83 
83 
83 


82 
81 
80 
80 
79 
79 
80 
82 
82 
78 


85 
86 
83 

90 
89 
87 


91 
85 

87 
88 
90 


31 
35 
35 
37 

39 


32 
40 
39 
37 


37 
34 
34 
84 
36 
36 
38 
42 
32 
31 


37 
38 
41 

34 

41 
45 


20 
10 
20 
17 
10 


87 
fK) 

90 


15 
24 
28 
36 
H3 


-Dr.  Q.  C.  Smith. 


18       86 

20 

18      83 

^E.  L.  Gibson. 
€  C.F.Mercer. 


87 
101 
95 
90 
96 


34 
41 
33 
53 
36 


38 
19 
39 
24 
37 


87 
94 
85 
80 
85 
85 


45 
32 
43 
50 
3d 
38 


40 


May. 


o 

84 
86 
88 
88 
90 


86 
90 
89 
88 
94 


89 
86 
87 
90 
85 
84 
88 
90 
89 
85 


91 
92 
91 

95 
91 
95 
94 


91 
89 
93 
94 
94 
89 

n03 

102 

90 

94 


0 

37 
33 
37 
32 
42 


34 
37 

48 
39 
37 


37 
33 
39 
38 
41 
38 
42 
40 
42 
39 


. 


40 
32 
54 

47 
51 
56 
46 


46 
55 
54 

47 

60 
50 
^ 
56 
41 
47 


95 

N5 

96 

48 

92 

60 

91 

58 

55 

94 

50 

«96 

*62 

03 

60 

92 

54 

36 
fM.E.GUsa. 
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June. 

July. 

August. 

'  Septem- 
ber. 

October. 

Novom- 
bor. 

Decem- 
ber. 

• 

• 

.a 

• 

• 

3 

i 

• 

c 

i 

• 

d 

• 

OS 

• 

• 

c9 

• 

a 

• 

e8 

• 

.3 

• 

bo 

S 

S 

S 

0 

S 

o 

0 

s 

0 

0 

0 

h-4 

0 

2 
0 

K 

o 

0 

0 

0 

0 

0 

91 

56 

92 

58 

87 

51 

85 

49 

77 

31 

74 

23 

59 

18 

7T 

96 
95 

59 
62 

94 
92 

54 
53 

88 
90 

46 
53 

80 
76 

28 
28 

93 

58 

81 

32 

60 

23 

80 

95 
95 

63 
66 

94 

63 

92 

57 

87 

48 

82 

29 

76 

26 

68 

20 

76 

*82 
89 
89 
90 

*51 
49 
52 
50 

*83 

»29 

74 

30 

60 
76 

21 
24 

95 
93 
96 

61 
68 
63 

98 

,92 

98 

64 
64 
64 

90 

54 

86 
86 

38 
34 

80 

77 

32 
36 

94 

58 

73 

23 

81 

100 
"98' 

59 
71 
62 

102 

54 

97 

51 
60 
54 

100 
"96" 

43 
55 
49 

89 
74 
80 

26 
37 
32 

77 
"78' 

26 
31 
2^ 

"67" 

26 
22 

98 

60 

95 

82 

95 

64 

94 

57 

94 

48 

86 

47 

81 

30 

78 

24 

68 

16 

80 

98 

59 

05 

61 

90 

51 

89 

54 

80 

32 

76 

26 

65 

22 

80 

98 

60 

94 

56 

92 

51 

88 

50 

83 

31 

77 

23 

69 

18 

82 

91 

64 

94 

67 

90 

53 

88 

53 

78 

31 

73 

24 

53 

19 

75 

92 

56 

93 

60 

90 

52 

84 

49 

77 

27 

72 

20 

60 

14 

80 

95 
98 
95 

62 
68 
60 

89 
90 
92 

62 
50 
56 

83 

31 

72 

68 
60 

20 

18 
17 

98 
97 

66 
64 

92 
94 

56 
54 

76 
81 

30 
19 

84 

32 

80 

91 

63 

94 

56 

92 

54 

80 

40 

82 

28 

74 

27 

66 

20 

84 

96 
99 

61 
56 

92 
92 

48 
48 

87 
88 

:^5 

32 

74 

32 

«^  _  _  - 

68 

22 

102 

^  68 

101 

60 

... 

97 

60 

93 

57 

90 

51 

94 

46 

80 

28 

76 

26 

65 

20 

77 

98 
96 

69 
56 

97 
99 

6B 
66 

98 

66 

91 

43 

a5 

40 

86 

33 

78 

21 

87 

95 

66 

101 

68 

96 

71 

92 

51 

90 

46 

84 

36 

83 

27 

79 

96 

59 

100 

71, 

99 

71 

92 

51 

90 

50 

83 

39 

84 

29 

78 

98 

53 

101 

66 

99 

62 

9() 

54 

92 

55 

78 

52 

'96 

88 

^6 
40 

93 

*»87 

37 
»»35 

86 
^86 

32 
30 

73 

79 

22 
22 

'  94 

"  M 

98 

64 

97 

67 

87 

93 

61 

94 

67 

91 

69 

89 

49 

87 

46 

83 

31 

80 

25 

70 

97 

60 

90 

71 

97 

68 

92 

50 

91 

47 

89 

36 

82 

28 

^  ^  ^ 

97 

6d 

94 

69 

94 

72 

93 

55 

92 

52 

88 

44 

88 

38 

66 

100 

55 

102 

65 

102 

67 

94 

41 

fK) 

36 

85 

30 

78 

22 

85 

90 

58 

92 

76 

'92 

72 

87 

00 

84 

48 

77 

35 

74 

30 

--- 

nil 

107 

Hi 
67 

103 
102 

64 
69 

99 
98 

30 

48 

95 
95 

25 
40 

90 

85 

22 
23 

101 

60 

90 

32 

90 

103 

43 

100 

45 

98 

58 

94 

41 

90 

30 

80 

10 

75 

11 

92 

100 

60 

101 

71 

ia3 

1102 
97 

67 

»34 

68 

96 
95 
98 

51 
34 

48 

^94 

^89 

90 

<J43 

e25 

46 

72 

«09 
89 

21 

<»10 

24 

79 

89 

14 

37 

97 

61 

99 

72 

79 

MOO 

50 

98 

58 

99 

&4 

92 

41 

SO 

3S 

87 

32 

78 

20 

•  •  . 

97 

63 

98 

69 

94 

70 

9:1 

50 

88 

^ 

S.') 

33 

82 

29 

74 

U 

65 

92 

70 

90 

74 

90 

55 

90 

50 

81 

42 

80 

35 

06 

103 

54 

105 

49 

102 

"65 

96 

56 

100 

54 

100 

66 

97 

44 

sr) 

42 

80 

32 

74 

22 

... 

100 

60 

106 

t)4 

102 

58 

95 

40 

8S 

;]H 

80 

oO 

101 

65 

102 

70 

100 

58 

106 

08 

100 

71 

9<) 

49 

87 

45 

80 

34 

660  bepoht  of  the  chief  signal  offices. 

Table  of  Maximum  and  Minibidm  Tehfebatdbss  aho 


Texas— Contii' 

Duval 

EIPmo 

Epworth . 

Forosiburg     - 

irortaUaa 

Port  Brown-  . 

Fort  Clwk 

FortDaviB 

Fort  EHIott'-  - 
FortEiliotI*-- 
Fort  Eancook 
Fort  MoIntOBl 


Id. 


fVjrt  WorUi 

FrBdertcliaburE'--- 

GsiDeevUlu 

GallinaB 

Gftlvftstoa 

Grahnia — 

Grapevliie 

Hartley 

HaBkeil .— 

Beame 

Houston -._ 

Howe 

Huateville 

Lift  Grange 

LainpasoB --. 

Longvlew 

Luling 

MonardvUle 

Merkel 

Mesqiiite  ._ 

Mountain  Spriog.. 

New  BraunTelB 

NewUlm 

Ochilti-ee 

OraDge 

Palcntine 

Panhandle 

Ptmter 

Paris 

Pike 

Rio  Grande  City.. 

Round  Rock  

San  Antonio' 

San  Antonio* 

Sllv.ir  Palls 

Tyl.T 


Wu' 


'  QnltcA  Siat*B  poeVwirvKOTi. 


G9  —  2      M\    21 
■SlgaalServlM. 


REPORT  OF  THE  CHIEF  SIGNAL  OFFICER. 


661 


Annual  Range  of  Temperature  for  1890,  etc.— Continued. 


June. 

July. 

August. 

Septem- 
ber. 

October. 

Novem- 
ber. 

Decem- 
ber. 

s 

-  0 

• 

• 

d 

i 

• 

a 

i 

• 

.a 

i 

• 

a 

i 

• 

06 

• 

• 

0 

o 

S 

s 

3 
o 

0 

0 

0 

2 

0 

0 

s 
0 

0 

0 

0 

[i^ 

■  o 

o 

0 

97 
101 

62 
54 

107 
100 

75 
62 

100 
97 

72 
60 

94 
95 

52 
56 

84 
81 

36 
26 

82 
68 

28 
28 

87 

35 

82 

93 

52 

101 

70 

95 

61 

87 

54 

84 

40 

78 

;« 

67 

27 

91 

00 

74 

70 

54 

50 

38 

80 

25 

^  ^ 

103 

54 

103 

62 

101 

60 

98 

54 

93 

lio 

86 

25 

70 

25 

88 

90 

56 

96 

61 

95 

70 

93 

55 

91 

52 

87 

42 

35 

67 

98 

60 

100 

70 

99 

70 

97 

51 

89 

41 

84 

38 

78 

27 

76 

96 

48 

92 

55 

90 

60 

86 

43 

81 

34 

75 

22 

70 

24 

77 

98 

97 

107 

51 
50 
45 

101 
100 
106 

60 
59 
54 

100 
100 
105 

55 
55 
56 

'92 

91 

100 

'41 
35 
42 

92 

24? 

85 

9 

75 

12 

100 

100 

58 

102 

65 

100 

69 

98 

56 

98 

41 

89 

28 

86 

29 

79 

104 

00 

107 

67 

105 

70 

103 

48 

100 

46 

89 

28 

92 

26 

87 

97 
101 

63 
63 

97 
99 

60 
65 

95 
92 

45 

91 

88 

36 
38 

>--- . 

94 

60 

81 

30 

<»84 

'26 

81 

99 
98 

56 
53 

101 
104 

74 
61 

, 

102 

64 

96 

36 

95 

:j8 

90 

28 

'82 

'20 

88 

90 

65 

92 

71 

90 

70 

87 

56 

89 

54 

79 

49 

76 

37 

62 

102 

51 

105 

62 

102 

67 

99 

44 

91 

38 

82 

25 

74 

15 

94 

J  72 

106 

70 

104 

70 

100 

48 

90 

42 

«>82 

•32 

77 

21 

•  a.  * 

97 

103 

96 

99 

38 
63 
58 
59 

104 

110 

98 

100 

50 
75 
67 
66 

98 

106 

98 

97 

45 
70 
63 
67 

95 

36 

85 

16 

85 

18 

91 
95 

60 
47 

88 
91 

40 
43 

82 
87 

32" 

:iO 

80 

24 

77 

101 
97 

59 
58 
64 

104 
98 

70 
67 
74 

99 
95 

58 
68 
74 

92 

47 
54 

90 
72 

41 
54 

85 

33 
43 

26 

98 

53 

102 

63 

99 

68 

92 

40 

90 

40 

84 

29 

<»82 

23 

85 

101 

59 

102 

66 

100 

61 

99 

47 

90 

38 

81 

33 

77 

25 

83 

98 
95 

60 

58 

101 
96 

70 

72 

102 
95 

68 
69 

95 
89 

44 
50 

93 

84 

45 
37 

86 
84 

32 
31 

78 

22 

84 

103 

61 
55 

'ioo" 

72 
62 

'ioo' 

70 
66 

26 
32 

98 

45 

88 

39 

82 

■  77" 

20 

90 

102 

97 

101 

62 
68 
69 

99 

95 

100 

64 
68 
66 

96 
90 
94 

48 
50 
50 

88 
86 
96 

40 
46 
47 

a3 

85 
88 

34 
36 
39 

76 

84 
86 

21 
24 
26 

96 

58 

79 

98 
94 

94 

50 
60 
56 

107 
94 
97 

70 
68 
66 

104 
92 
96 

56 
62 
66 

95 
90 

33 
44 
47 

86 

88 

44 
42 

82 
80 

30 
37 

81 

23 

78 

96 
107 

49 
62 

99 
110 

59 
75 

98 
^105 

50 

^72 

«90 
100 

049 
55 

•82 
88 

20 
33 

^6 

12 
22 

89 

44' 

96 

102 
106 
102 

54 
50 
62 

101 

65 

99 

64 

*  M  w  *  B 

95 

45 

88 

36 

82 

34 

104 

70 

102 

71 

100 

52 

98 

"'56' 

"91" 

"37" 

87 

""3i" 

80 

96 

62 

103 

74 

100 

72 

92 

54 

90 

42 

82 

30 

80 

24 

95 

58 

99 

69 

96 

68 

92 

46 

92 

46 

85 

37 

86 

28 

78 

94 

58 

100 

69 

98 

70 

92 

46 

92 

46 

85 

37 

86 

28 

79 

97 

52 

101 

59 

99 

59 

92 

37 

90 

32 

86 

30 

76 

21 

92 

100 

58 

102 

65 

98 
100 
100 

64 
65 
69 

97 
96 
95 

45 
41 
43 

87 
90 
90 

40 
34 
41 

82 
83 

88 

34 

27 
34 

76 

18 
21 

99 

58 

103 

66 

«> 

96 

48 

98 

66 

102 

58 

90 

42 

88 

40 

86 

•  26 

n5 

120 

— 

28 
29 

"ss' 

^10 
21 

""85" 

14 
10 

40 

0 
5 

88 

"29" 

"97 

44 

92 

38 

90 

115 
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Table  of  Maxihuh  and  Minimum  Tehpebatcres  and 


January. 

Pobruary. 

March. 

AprU. 

M^. 

H 

1 

1 

% 

i 

i 

a 

3 

Utah— Continued. 
Binffham 

o 

0 

o 

o 

» 

o 

0 

0 

o 

o 

Blue  Croek 

44 
48 
47 
44 

40 
52 
47 

-  6 
-12 

4 
-23 
-22 
-22 

—  9 
-10 

59 
54 
53 
48 
49 
50 
54 

-10 
-6 
2 
2 
-14 
-10 
-  8 

57 
64 
G4 
64 
63 
62 
60 

12 
0 
0 
4 
8 

10 
0 
8 

87 
81 
78 
70 

78 
80 

7* 

34 
34 
29 
20 
21 
31 
27 
34 

89 
88 
84 
87 
88 
85 
84 

49 
51 
40 
88 
30 
'39 
38 
44 

FortDouplaB 

FortDuChcane'.... 
FortDu  Chesne'.-.. 
Kelton 

Lake  Park 

50 
S9 

12 
-4 
-12 

1 
—23 
-  6 

S 

63 
62 

"m" 

55 
60 
67 

-10 
~3 

-8 
-20 
-20 
-16 
-11 

50 
74 

43 

69 
62 
65 

10 

8 

13 

-4 

-10 

-10 

0 

76 

B4 

"se" 

76 
82 
60 

30 
25 
26 
19 
11 
26 
34 

90 
102 
87 
63 
87 

se 

87 

37 
36 
34 
27 
28 
34 
49 

Mcnint  Pleasant 

33 
54 
50 
54 

Ogden' 

ProBionlory 

42 

-18 

as 

-6 

62 

10 

78 

26 

76 

35 

Richfield 

"72 
76 
64 

MS 
21 
0 

79 
88 
78 
78 

22 
33 
28 
2S 

83 
97 
84 
83 

31 

40 
41 

67 
60 

14 
-2 

71 

5S 

13 
-6 

Salt  Lake  citV 

Taylor's  Ranch 

45 
45 

61 

59 
54 

58 
(i3 
r,5 
5:! 
61 

r.4 

CO 

59 

fi3 

-9 
-15 

0 

6 
-12 
-7 
-18 

-  4 

-  5 

-  8 
-10 
-6 

6 

-  3 

25 

57 
45 

58 

r.6 

51 
48 
49 

56 

r,] 

■ifi 
r,6 
f' 

62 

62 
74 
61 

-0 

-12 

-4 
4 

-  4 

-  6 

-18 

-  7 
6 

-  8 

-  i 

~1 

25 
is 
12 
31 

61 
68 

56 
57 
53 

48 
47 

49 
60 
48 

m 

4S 
50 

54 

CO 
H-l 
62 
80 

-8 
2 

-6 

—  1 

—  2 
-5 
-IB 
-14 

—  9 
-12 
-13 
-6 

8 

-10 

20 
20 
0 
22 

74 
85 

78 
78 
76 
68 
74 
75 
77 
70 
71 
68 
74 

71 

C7 
S3 
72 
8« 

21 
40 

21 
25 
24 
18 
9 
1« 
16 
20 
17 
14 
28 

19 

31 

32 
22 
40 

88 
87 

80 
78 
79 
68 
77 
76 
78 
78 
73 
70 
78 

78 

1% 

88 
78 
88 

39 

" 

31 
34 
35 
34 
21 
28 
» 
32 
24 
28 
34 

a 

45 
48 
34 

49 

Vermont : 

Brattle  boro* 

Bratlleboro* 

Burlington 

Chelsea          

East  BerkBh  re 

BartlaDd           .     ... 

JackBonTilla 

Lunenburg- 

■\Voftthorsficld   Cen- 
ter   _. 

Virginia; 

Bedford  City 

Bolar 

m !   11 

77 

ZI 

Chrirtjanshupff 

Bale  Enterpriso 

71 

18 

68 
75 

10 
18 

71 
75 

13 
10 

■84 
83 

■20 

87 
89 
88 
87 
8S 
88 

31 

40 
48 

47 
40 

at 

FortHJom-oo 

FortftUor 

Lexincton 

71 

70 

24 
10 
16 

73 
73 
74 

20 
21 
20 

76 
76 
75 

22 
12 
14 

82 
83 
S3 

38 

^W.VI.iJiouimim. 
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Annual  Range  op  Temperature  for  1890,  etc.— Continued. 


June. 

July. 

August. 

Septem- 
ber. 

October. 

Novem- 
ber. 

Decem- 
ber. 

• 

8 

• 

s 

• 

M 
«l 

.a 

s 

.9 

i 

• 

i 

a 

i 

• 

.g 

i 

a 

• 

0 

o 

O 

s 

s 

0 

0 

0 

^ 

s 

^ 

1^ 
0 

s 

a 
0 

K 

o 

0 

0 

0 

0 

0 

0 

»40 
50 

""7i' 

•28 
23 

"56' 

14 

27 

"47' 

17 
17 

.  98 

49 

106 

72 

98 

61 

qs 

112 

91 

45 

102 

67 

98 

62 

87 

47 

69 

28 

59 

15 

51 

15 

114 

89 

38 

100 

55 

97 

50 

87 

39 

70 

28 

65 

24 

57 

20 

106 

93 

32 

100 

44 

99 

37 

89 

27 

69 

22 

66 

10 

48 

6 

123 

92 

33 

100 

46 

98 

43 

88 

30 

69 

22 

64 

12 

49 

8 

122 

95 

49 

106 

58 

96 

49 

87 

47 

72 

28 

57 

15 

52 

8 

128 

89 

39 
45 

99 

50 
68 

95 

48 
62 

84 

36 
47 
48 
32 

■  66 
'72' 

27 

34 

•39 

20 

58 

19 

51 

19 

109 

"68' 

25 
12 

'54' 

24 
11 

87 

42 

95 

54 

96 

43 

88 

106 

105 

36 

108 

48 

105 

44 

98 

31 

81 

21 

.77 

16 

59 

13 

112 

34 

94 

48 

95 

47 

«88 

33 

79 

27 

15 

17 

73 

26 

81 

42 

41 

72 

29 

55 

18 

49 

13 

42 

12 

90 

.30 

99 

40 

99 

36 

88 

25 

72 

20 

07 

7 

57 

7 

122 

86 

36 

94 

45 

86 

52 

82 

62 

70 

34 

68 

24 

50 

20 

110 

90 

44 

99 

68 

95 

62 

89 

44 

d23 

20 

24 

110 

90 

45 

40 
50 

79 

"lo" 

26 
19 

78 
"89' 

13 
15 
18 

63 
"61 

11 
10 
13 

90 

46 

104 

58 

98 

48 

86 

120 

•43 
'»33 

""75" 

'30 
23 

"67* 

20 
11 

*'67' 

20 
KIO 

89 

33 

97 

49 

93 

41 

«91 

104 

54 

112 

50 

108 

52 

100 

42 

89 

22 

84 

14 

66 

17 

99 

89 

38 

98 

52 

100 

60 

^87 

39 

70 

30 

64 

24 

57 

20 

106 

82 

34 

97 

55 

91 

81 

41 
°37 

28 

65 
"76' 

40 

«f26 

22 

62 

37 
11 
10 

67 

"56" 

29 

10 

6 

... 

93 

30 

"100 

»48 

•101 

•42 

87 

110 

96 

47 

104 

55 

100 

55 

88 

60 

70 

25 

65 

20 

50 

10 

119 

90 

39 

96 

41 

90 

40 

81 

30 

76 

26 

61 

10 

44 

—10 

106 

85 

41 

93 

43 

88 

44 

79 

32 

74 

28 

63 

14 

43 

—  4 

97 

86 

44 

91 

48 

90 

50 

82 

36 

74 

31 

59 

15 

41 

—10 

103 

76 

44 

82 

51 

83 

45 

72 

30 

68 

27 

62 

10 

30 

—12 

95 

86 

33 

90 

36 

92 

34 

84 

29 

79 

20 

58 

4 

38 

—34 

126 

88 

36 

92 

40 

88 

HO 

•85 

•32 

78 

24 

60 

7 

42 

—18 

110 

88 

35 

92 

36 

88 

30 

80 

27 

80 

22 

62 

6 

40 

—16 

108 

82 

44 

90 

40 

90 

48 

82 

80 

71 

30 

60 

12 

34 

—16 

106 

83 

36 

89 

38 

88 

36 

79 

27 

74 

21 

68 

9 

41 

-22 

111 

84 

46 

88 

46 

88 

46 

78 

34 

76 

32 

54 

10 

40 

—14 

102 

86 

50 

98 

48 

88 

48 

78 

34 

74 

30 

64 

8 

40 

—10 

108 

83 

42 

88 

44 

89 

45 

78 

30 

70 

28 

56 

8 

40 

—10 

99 

86 

65 

84 

61 

80 

61 

75 

53 

70 

38 

60 

34 

52 

23 

66 

89 

62 

97 

64 

91 

61 

90 

53 

78 

43 

78 

28 

63 

23 

77 

82 

43 

86 

50 

97 

40 

82 

40 

74 

28 

70 

17 

56 

5 

87 

96 

56 

99 

64 

94 

61 

91 

58 

84 

38 

76 

30 

62 

24 

77 

93 

52 

97 

54 

97 

50 

92 

46 

79 

32 

73 

25 

58 

14 

92 

37 

95 

38 

90 

43 

88 

45 

79 

29 

75 

22 

57 

13. 

85 

90 

45 

96 

47 

94 

35 

88 

28 

78 

25 

73 

22 

60 

2* 

94 

98 

60 

95 

61 

90 

68 

89 

50 

81 

36 

74 

29 

60 

23 

94 

59 

96 

64 

92 

56 

88 

59 

82 

37 

75 

30 

60 

26 

74 

91 

49 

99 

53 

96 

45 

91 

43 

75 

29 

73 

22 

58 

14 

87 

94 

40 

96 

44 

95 

39 

92 

42 

80 

30 

78 

19 

62 

8 

88 
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BEFOBT  OP  THE   CHIEF  8IG1TAL  OFFICER. 

TabI/E  op  Maximum  and  Mixiudh  TEHPSKATUBa  ahd 


January. 

Febr 

uary. 

March. 

'  April. 

Ma,. 

3 

S 

Z 

i 

s 

1 

i 

1 

3 

Vii-fflnia-CoDtinuod. 

77 
Q9 

23 
£3 

US 
Hi 

h 

h 

18 

74 
67. 

"78' 
79 
76 

80 
68 
80 
79 

25 

:20 

21 

.■to 

23 
26 
23 

2S 
28 
28 

75 

"'ei' 

7B 
77 
87 
69 
82 
SO 

I 

20 
12 
20 
22 
13 
20 
16 
21 
21 
20 
12 
12 

85 

-8 
75 
64 
87 

84 

es 

80 
87 
64 
80 
80 

c 
28 
30 
20 
3S 
23 
28 
28 
36 
34 
2« 
24 
21 

o 
88 
85 

85 
8« 
90 
89 
8T 
87 
85 

38 
35 
50 
47 
36 
40 
40 
41 
50 

J^i^n"^* 

7H 
78 
73 
IS 

78 
74 
63 
72 

Bicbmoad 

84 

83 

39 
35 

73 

IS 

"WaBhington: 
Btakeley 

60 

10 

53 

12 

63 

30 

76 

25 

78 

37 
34 
40 

48 

22 

SI 

16 

66 

30 

f& 

32 

70 

Fort  Canby' 

Fort   Canby' 

4fl 

GO 

22 

52 
55 

17 
18 

DC 
60 

30 
34 

64 

-& 
?i 

69 

35 
34 
38 
20 
27 
27 

1 

89 
04 
75 
01 
63 
68 
82 

40 
44 
61 
■» 
37 
38 
38 
37 
31 

Port  Spokane- 

Fori  Walla  Walla-. . 

4:> 

45 

IS 

—22 

10 

-13 

51 

52 
05 

-21 

9 

-12 

55 

56 
6! 

11 
25 

50 
52 

18 

7 

52 
55 

20 
12 

65 
56 

31 
31 

65 
80 

28 
28 

Spokane  Palls- 

46 

—23 

63 

-23 

57 

12 

66 

22 

88 

38 

Tatoosh  Island 

Vnncouver  Barracks 

48 
49 
46 
56 

«43 

64 

62 

22 

18 
-10 
-IG 

11 
10 

60 
50 
60 
67 
48 

63 
70 

30 
6 

18 
—  7 
-19 

16 
12 

52 
65 

g 

64 

85 

29 
30 

66 

8S 

30 
30 

Walla  Walia 

66 
61 

63 
68 

7 
7 

2 
—10 

80 
81 

72 
80 

29 
21 

25 
25 

90 
92 

81 

85 

40 
3S 

40 
90 
•38 
43 
36 
40 
32 
3t 

WeatVirMoia: 

Ella-  

72 
70 
61 

5(1 
70 

7S 

20 
12 
G 
15 

19 

70 

i 

60 
70 

24 

18 
10 
22 
Ifi 
23 

70 
69 

68 
60 

:i 

5 

4 

S 

3 

-14 

e 

82 
81 
74 
78 
78 
BO 

31 
29 
26 
22 
20 
32 

90 
87 
81 
8B 
84 

Parkereture 

Plewan   HUl 

Seven  Fines 

Tannery        -. 

WiBcrinsin: 

-2S 

6 
-  3 

-10 

"46" 
48 

-10 
-20 
-20 
-35 

75 
71 

10 

30 
26 
14 
24 
30 

81 
8S 

38 
32 
28 
H 
m 

44 
43 

-30 

51 

45 

1 
•Unit 

d'si. 
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June. 

July. 

August. 

Septem- 
ber. 

Ootober- 

Novem- 
ber. 

Decem- 
ber. 

• 

s 

• 

a 

i 

• 

a 

s 

• 

a 

8 

• 

a 

i 

• 

5 

9 

i 

• 

1 

s 

s 

s 

0 

s 

s 

o 

0 

0 

0 

.2 
0 

s 

s 

S 

o 

o 

0 

o 

0 

0 

0 

0 

0 

05 

52 

97 

54 

93 

47 

90 

47 

81 

34 

81 

26 

62 

19 

78 

90 

48 

94 

50 

87 

43 

88 

43 

78 

26 

^73 

'28 

56 

16 

82 

•67 

54 

61 

48 

80 

30 

22 

55 

20 

^  ^ 

95 

58 

96 

60 

93 

58 

89 

69 

88 

37 

79 

30 

64 

25 

74 

102 
96 

54 
57 

102 
99 

50 
52 

95 
94 

44 
48 

92 
92 

44 
39 

83 

81 

26 
30 

82 
81 

19 
25 

62 

20 

79 

96 

53 

103 

55 

95 

49 

94 

50 

88 

25 

85 

23 

75 

17 

87 

92 
90 

54 
54 

80 

34 

81 

30 

65 

20 

• 

92 

55 

88 

54 

1^85 

^53 

94 

49 

98 

47 

96 

45 

"92" 

39 

80 

28 

78 

19 

62 

8 

91 

45 

94 

46 

92 

42 

87 

37 

74 

22 

72 

18 

63 

8 

86 

88 

52 

88 

52 

H5 

46 

82 

47 

78 

30 

70 

26 

54 

18 



»48 
44 

94 
84 

40 
45 

92 
76 

38 
40 

81 
63 

25 
34 

»»76 
58 

18 
34 

61 
58 

12 
30 

86 

42 

86 

76 

94 

37 

96 

40 

95 

40 

90 

37 

72 

29 

64 

30 

54 

29 

^  ^ 

72 

42 

75 

47 

76 

47 

76 

45 

64 

39 

58 

36 

58 

32 

60 

m 

146 

»79 

147 

78 

46 

74 

42 

64 

38 

56 

36 

58 

32 

^ 

70 

48 

65 

51 

a5 

50 

72 

46 

69 

44 

72 

39 

56 

38 

68 

75 

30 

69 

50 

89 

50 

76 

44 

68 

40 

73 

36 

58 

36 

71 

97 

51 

101 

58 

97 

58 

91 

57 

71 

40 

65 

32 

56 

30 

96 

37 

105 

41 

99 

44 

92 

28 

64 

24 

62 

18 

52 

20 

127 

78 

38 

81 

45 

84 

47 

76 

40 

64 

35 

59 

31 

56 

30 

75 

98 

42 

106 

41 

100 

52 

89 

30 

71 

32 

69 

22 

66 

24 

119 

67 

43 

68 

45 

62 

43 

69 

28 

68 

26 

58 

17 

62 

14 

71 

39 

74 

45 

72 

46 

73 

39 

60 

33 

57 

31 

66 

32 

56 

88 

37 

89 

42 

90 

46 

80 

36 

66 

30 

61 

31 

64 

32 

83 

86 
93 

50 

48 

78 
87 

44 
33 

64 
65 

36 
29 

60 
60 

34 
23 

55 
54 

32 
25 

93 

41 

102 

45 

125 

82 
64 
90 

42 
40 
25 

68 
59 
75 

33 
33 
31 

57 
59 
79 

34 
38 
28 

59 
54 

58 

33 
37 
30 

64 
95 

34 
34 

70 
97 

36 
36 

99 

39 

96 

92 
106 

46 

48 

90 
100 

49 
49 

85 
90 

50 
36 

68 
77 

37 
34 

63 
66 

36 
25 

101 

46 

65 

25 

116 

98 

34 

101 

35 

96 

41 

87 

25 

76 

16 

63 

5 

57 

20 

120 

86 

55 

88 

54 

88 

-48 

82 

39 

70 

34 

66 

23 

48 

14 

86 

95 

50 

48 

95 

50 
41 

92 

50 

48 

88 

40 
44 

68 

12 
16 

50 

10 
10 

28 

93 
93 

58 
51 

93 
94 

59 
62 

9i 
93 

52 
45 

88 
86 

62 
42 

82 
82 

30 
34 

76 

22 

54 

15 

90 

88 

38 

90 

46 

90 

42 

84 

36 

63 

31 

70 

12 

52 

14 

85 

86 
90 

48 
46 

«._.-■ 

93 

50 

94 

48 

82 

39 

34 

75 

14 

52 

12 

108 

98 

63 

98 

48 

96 

38 

88 

40 

74 

31 

69 

28 

39 

15 

•  .- 

96 

31 

97 

48 

96 

43 

88 

33 

74 

26 

56 

20 

52 

-2 

40 

50 

44 

30 

24 

18 

38 

-6 

m  m  » 

52 

56 

42 

78 

38 

30 

26 

40 

-4 

www 

92 

50 

94 

50 

86 

50 

85 

33 

75 

24 

56 

15 

48 

—  8 

129 

96 

43 

92 

48 

97 

36 
160 

86 

25 
35 

72 

22 
33 

55 

17 
17 

46 

—  5 

•  *  • 
*•• 
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Table  op  Maximum  and  Minimum  Temferatubes  and 


January. 

February. 

March. 

April. 

May. 

Stations. 

i 

o 

47 
43 
43 
43 
54 

0 

—21 

—35 
—26 
—  6 
—16 

• 

2 

0 

48 
44 
48 
56 
56 

• 

0 

—15 

—  4 
—18 
—14 

—  4 

• 

eS 

J3 
0 

49 
44 
00 
46 
64 

• 

0 

—23 
—23 
—30 
—23 
—20 
—23 

1 

0 

75 
73 

78 

• 

a 
s 

0 

6 
20 
21 

■ 

1 

83 
81 

84 

• 

c 

0 

24 
28 
24 

Wisconsin — Continued . 

Grantsburg 

Green  Bav  - 

Greenwood 

Hay  ward 

Honey  Creek 

Horicon 

59 

35 
4 

92 

30 
32 

.    Ithaca 

T^  Crosse 

48 

-23 
—12 
—14 
—19 
—10 
-36 
—21 

63 

"55' 
53 
59 
48 
46 

—  5 
0 

—  4 

—  9 

—  2 
—18 

—  6 

60 

"49" 
47 
60 
48 
48 

—18 
—  3 
—12 
—13 
7 
-34 
—16 

81 

"72" 

76 

72 

80 

174 

21 
—24 
25 
19 
27 
8 
22 

83 

"si' 

78 

84 

92 

■83 

29 
31 
33 
24 
32 
22 
29 

Lincoln .. 

Madison 

Manitowoc 

47 
46 
47 
44 

48 

Milwaukee , 

Neillsville 

Oshkosh 

Plover . 

Potosi 

Summit  Lake 

Waucousta  ► 

54 

-32 
—20 
—29 

56 

—12 

—  8 

60 

—20 
-21 
—28 

76 

4 
17 
30 
23 

15 

5 

18 
13 
12 

8 

92 

80 
77 
78 
80 
76 
92 
92 
80 
86 
82 
80 

28 
22 
32 
30 

29 
26 
36 
28 
30 

5 
29 
28 
27 

8 
28 

Wauzeka 

Weston  * . 

Wyoming: 

Camp  Pilot  Butto... 

Camp  Sheridan 

Carbon . 

42 
:i5 
43 
59 
42 
49 

—28 
—19 
—  4 
2 

—30 
—12 

54 
40 
49 
61 
48 
55 

—15 
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—16 
—20 
—22 
—31 

69 

""54" 
62 
57 
67 

-12 
—  5 
4 
2 
—12 
—15 

75 
77 
74 
72 
75 
80 

Cheyenne 

Fort  Bridger 

Port  D.  A.  Russell .. 
Fort  Fetterman 

Fort  McKinnoy 

Fort  McKinney 

Fort  Washakie^ 

Fort  Washakie' 

Lander . ._ 

51 
57 
45 
43 
42 

—22 
—23 
—25 
-22 
—26 

64 
60 
60 
60 
58 

—22 
—22 
—24 
—24 
—25 

63 
68 
62 
60 
GO 

—  1 
6 

—  5 

—  4 

—  1 

76 
80 
74 
72 
73 

10 

13 

6 

6 

18 

Laramie - . .  - 

Lusk 

56 

—16 

61 

—26 

62 

8 

73 

15 

83 
«74 
80 
69 

28 
128 
34 

Owen 

Saratoga 

45 
28 

—27 
—12 

52 
58 

—23 

93 
47 

-7 

69 

20 

Wheatland 

^  U.  S.  post  surgeon. 
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Annual  Range  of  Temperatuke  pok  1890,  etc.— Continued. 


June. 

July. 

August.  : 

i 

Septem- 
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October. 

• 

Novem- 
Iwr. 

Decem- 
ber. 
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47 

0 
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42 
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39  , 

89 
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1 

83 

23 

78 

16 

70 

1 
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16 

99 

50 
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52 

99 

40 

86 

30 

72 

26 

56 
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0 
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96 
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43 
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31 
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3. 
2 
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50 
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42 
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32 
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93 
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40 

92 

41 
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87 

29 
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39 
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79 

20 

16 

2 

47 

2 
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00 

30 

92 
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«U 
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61 

13 
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14 

70 
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70 
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32 
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40 
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29 

85 

18 

70 

5 

59 

3 
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9 

57 

3 
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67 
72 

21 
17 
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65 

0 
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60 
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10 
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0 
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APPEN  DIX   z6. 

DATES  OF  THE  FIRST  AND  LAST  KILLING  FROSTS  FOR  THE 

SEASON  1890-'91. 


[Compiled  from  reports  of  Signal  Service  and  voluntary  observers.] 

[When  no  frost  has  been  recorded  tbe  first  and  last  occnrrenoe  of  a  temperature  of  SS*  has  been 

entered  in  the  table.] 


States  and  stations. 


Alabama : 

Auburn 

Bermuda 

Citronelle 

Ck)lumbiana 

Double  Springs. 
Decatur 


P>eri 


Fort  Deposit _.- 

Livingston 

Marion 

Mount   Vernon 

Barracks 

Mobile 

Montgomery  ... 

Opelika 

Pine  Apple 

Tuscumbia 

Valley  Head 

Arizona : 

Ash  Canyon 

Bangharts 

Blsl^ 

Cooleys 

Cottonwood 

Crittenden 

Dos  Cabozos 

iJudleyyillo 

P^AglePass 

Fort  Apache 

p'ort  Bowie 

Fort  Grant 

Fort  Huachuca. . 

Fort  Lowell 

Fort  Thomas 

Grand    Central 

Mills 

Holbrook 

Lochiel 

Mount  Huachu- 

cha 

Natural  Bridge 

Prescott 

San  Carlos 

Showlow 

Signal 

Strawberry 


I 
4 


Nov. 
Nov. 

Oct.  31 

Oct.  31 

Nov.  1 

Oct.  28 

Oct.  28 

Dec.  6 

Oct.  15 

Nov.  13 


Oct.  25 
Oct.  11 
Nov.  9 
Oct.  12 
Nov.  9 
Oct.  12 
Nov.  16 
Nov.  9 
Nov.  7 
Nov.  9 
Nov.  17 

Nov.  9 
Oct.  12 
Nov.     8 

Nov.  8 
Nov.  15 
Oct.  12 
Nov.  13 
Oct.  6(V) 
Nov.l7(?) 
Oct.    13 


Apr.     6 


May    30 


Apr.  26 


Apr.  6 

Apr.  6 

Apr.  6 

Apr.  6   ! 


Nov.  1 

Nov.  J 

Nov.  4 

Oct.  31 

Oct.  31  I  Apr.     6  ■ 

Oct.  28  ' 

Nov.  1 

Nov.  1 

Nov.  29 

Oct.  31 


Apr.  6 
Apr.  6 
Apr.     6 


I 


Mar.  31 
Apr.  3 
May.  1 
Mar.  11 
Mar.  9  i 
Mar.  18 


Apr.     2  l| 


Mar.  31  !" 


May    30  ' 
A'pr.     3 

Mari's 


Arizona— Cont'd. 

Tucson 

Walnut  Grove . . 

Walnut  Ranch.. 

Wilcox 

Wilgus 

Woodruff 

Yuma 

Arkansas: 

Camden 

Conway 

Dallas 

Devall  Bluff 

Fayette  ville 

Forrest  City 

FortSm^  ' 

Harrisburg...  . 

Helena 

Hot  Springs 

Lead  Hill- 

Little  Rock 

Lonoke 

Mount  Nebo 

Newport 

Osceola 

Ozone 

Pine  Bluff 

Russellville 

Stuttgart 

Texarkana 

Washington 

Winslow 

California : 

Alcatraz  Island. 

Anderson 

Angel  Island  _ . . 

Barstow 

Benicia    Bar- 
racks   

Berkeley 

Crescent  City... 

Kurcka 

Fort  Bid  well 

Fort  Gaston 

Fort  Mason 

Fresno 

Georgetown 


Nov.  8 
Oct.  11 
Oct.l2(V) 
Oct.  18 
Nov.  20 
Nov.5(?) 
Jan.      7 

Oct.  31(?) 

Oct.  31 

Oct.  7 

Dec.  1 

x/ec  ^ 

Oct.  .31 

Oct.  27 

Oct.  26 

Dec.  4 

Oct.  27 

Oct.  27 

Dec.  4 

Nov.  23 

Nov.  3 

Dec.  5 

Oct.  27 

Nov.  3 

Dec.  1 

Dec.  1 

Oct.  27 

Dec.  4 

Nov.  3 

Oct.  27 

Dec.    27 
Dec.    13 

(*) 
Dec.     8 


Oct. 
Dec. 
Oct. 
Nov. 


3 

11 
o 

7 


Oct. 

{*) 
Dec. 
Nov. 


11 

9 

7 


Last. 


Mar.    9 


Apr.  19 

"FebV'ii 

Apr.  6 
Apr.  4 
Apr.  5 
Apr.  6 
Apr.  5 
Mar.  15 
Apr.  « 
Apr.  5 
Mar.  14 
Apr.  H 
Apr.  6(?) 
Apr.  4 
Apr.  5 
Apr.  5 
Mar.  21 
Apr,  4 
Apr.  5 
Apr.     5 

Apr.  5 
Mar.  17 


WAB  91— VOL  IV- 


*  No  frost  during  season. 

—47 


Mar.  19 

Dec.    27 
Feb.    2') 

(*) 
Fob.    11 

Fob.  S 
Dec.lK?) 
Mar.28(?) 
Mar.  21) 
May  31 
Mar.  24 

(*) 
Mar.  29 

Apr.7(?j 
1^ 
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DATKS  of  FlRfjT  AND  LAST  KILLING  FROST  FOR  THE  SEA5^N  18JK>-'J>1— Cont'd. 


Statos  and  Stat  ions. 


Calilopnia— Cont'd . 

Crass  Valley 

llydL'Svillo 

[oVaHill 

.lulian 

Keelcr 

Los  Anjjcles 

Los  Gatos 

Mount  Hamilton 

Mulians 

National  City... 
Xorth    Hill 

Vinovard 

Oakland* 

Plaoervillo 

Point  Roycs 

Lipbt 

Pi-esidio  of  San 

Fi«aneisco 

RcdBlutT 

Kivorsido 

Saoramonto 

Salinas 

San  Dioj^o 

San  Fi'aiicisco  - . 

Siinta  CvwA 

Santa  Maria 

Sonoma 

Sloelo 

Suhanville 

l*j)jM:'r  Mattolo.. 

Vacavillo 

Volta 

Walla   Walla 

Crock 


First. 


Nov. 

Nov. 

Dcct 

Jan. 

Oct. 

(*) 
Jan. 

Oct. 

Nov. 
Jan. 

Dec. 
Jan. 
Nov. 


1 
8 

31 
8 

10 

10 
9 

7 
9 

12 
9 


Walnut  Crook.. 

Whoatland 

Willow 

Colorado : 
IJi'Uvor  Crook... 

Hounett 

( 'afion  City 

CastloKodk 

( 'oloradoSprinjrs 

Crook 

Door  Trail 

Donvor  h.  s ■ 

Ka;rloFariii 

Fort  Collins j 

Fort  Low  is ' 

Foi-t  I-.<:)t:an  

Fort.  Morgan  --.| 

Fruita j 

IIii^'o I 

Ihistod j 

•lulosburjJT j 

Lamar ' 

Las  Animas 

Le  Koy 


(*) 

Dec. 

Dec. 

Jan. 

Nov. 

Jan. 

(*) 

(*} 
Jan. 

.Tan. 

Doc. 

Jan. 

Oct. 

Oct. 

Doc. 

Jan. 

Oct. 
Jan. 
Dec. 
Doc. 

Sept. 

Oct. 

Oct. 

Sept. 

Sei)t. 

Sept. 

Oct. 

SL'pt. 

S(;pt. 

Sept. 

Sept. 
Aucr. 

Oct. 

S(.'i)t. 

Oct. 

Sept. 

Sept. 

Oct. 

Sept . 

Sept. 


4 

10 

1 

I 

12 


0 

9 

11 

11 

S 
10 
10 

8 

3 
10 
10 
10 


I-ASt. 


Mar.  29 
A])r.  7 
May  9 
Apr.     8 

(*) 
Feb.    10 


Statosand  stations. 


Jan.  12 

VGh.  2 

Feb.  25 

Apr.  8 

I*) 

Dec,  4 

Feb.  25 

Fob.  12 

Feb.  10 

Fob.  11 

(*) 

{*) 

Feb.  10 

Mar.  24 
Fcb.20{?) 

Jan.  11 

Apr.  8 

Feb.  9 

Jan.  1.'}* 

Feb.  12 

May  S 

Jan.  13 

Feb.  25 

Feb.  25  : 


18 

i 

14 
13 
33 

1 

ii 

19 

■ 

15 

13 
13 

May  21  ; 

s 

13 

Mav  2  ■ 
May  17  i 
Apr.  in 

H 

14 

1, 

1 

8 
13 

1 

14 

1- 

:*3 

19 

1 
._-•------'' 

First. 


Colorado — Cont'd. 

Longmont 

Magnolia 

Montrose 

Mori'ison 

Pagosa  Springs. 

Parachute 

Pinkhampton . . . 

Pueblo 

Ranch    near 
( -omo 

Rifle  Falls 

Rocky  FoiHi 

San  Luis  exi)cr- 
iment  station.' 

Sheridan  Lake-. 

Stamford 

Storling 

Villa  Grove 

Watkins 

Yuma 

Connecticut: 

Fort  Trumbull  . 

Hartford 

Meriden 

New  Hartford . . 

New  Haven 

New  London 

Southington 

Voluntown 

Delaware: 

Dover 

District  of  Colum- 
bia: 

Kendall  Green.. 

Washington 

Florida: 

Alva 

Archer 

Duke 

Kustis 

Fort  Barrancas. 

Fort  Meade 

Homeland 

Jacksonville 

Jupiter 

Koy  West 

Ocala 

Orange  City  ... 

Ponsacola 

.San  Antonio  ... 

Tallahassee 

Tampa 

Titusville 

Villa  City 

Cioorgia: 

Albanv  

AmericuB 

Athons 


Last. 


Sept.  8 
Oct.  5 
Sept.  8 
Sept.  13 
Sept.  8 
Sept.  8 
Sept.l9(y)« 

Oct.    14  I 

I 

Sept,  4 
Sept.  23 
Sept.  12 

Sept.  7 
Oct.  16 
Sept.  6 
Sept.  19 
Sept.  6 
Oct.  8 
Oct.    14 

Nov.  1 
Sept.  25 
Oct.  20 
Sept.  25 
Oct.  22 
Sept.  25 
Sept.  25 
Sept.  25 

Oct.    31 


Oct.  31 

Oct.  31 

Jan.  6 

Dec.  10 

Dec.  10 

Dec.  29 

Dec.  9 

Dec.  19 

Dec.  29 

Dec.  29 

flan.  14 

Dec.  10 

Dec.  10 

Dec.  9 

Doc.  29 

Dec.  10 

Dec.  29 

Dec.  29 

Dec.  28 

Nov.  1 

Nov.  1 

Oct.  28 


Apr.  26 


Apr.  Itf 


May 
May 


May 
May 
May 
May 
May 
May 
May 
May 


Apr. 
Apr. 

Apr. 
Apr. 
Apr. 
Dec. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 

(*) 
Jan. 

Apr. 

Apr. 

Apr. 

Apr. 

Dec. 

Apr. 


19 
5 


6 

6 

■* 

6 
7 
6 
6 
6 


Apr.     9 


9 
9 

7 
7 
7 
29 
<) 
8 
I 
6 


20 
I 


H 

29 
7 


Apr.    6 


*  Nu  frobi  durius;  season. 
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Dates  op  First  and  Last  Killing  Frost  for  the  Season  1890-*91— Cont'd. 


States  and  stations. 


First. 


Georgia — Cont'd. 

Atlanta 

Auflnsta 

Bambridge 

BUkely 

Camak 

Cai'tcrsviUe 

Diamond 

Eastman 

Forsyth 

Fort  Gaines 

Fort  McPherson 

Gainesville 

Gillsville 

Griffin 

Hephzibah 

Litnia  Springs  . 

Marietta 

Milledgevillc.-.i 

Millen ! 

Monticollo 

Newnan 

Perry 

Point  Peter 

Poulan 

Quitman 

Savannah  

Toccoa 

Union  Point 

Washington 

Waynesboro 

Woolleys  Ford  . 
Idaho : 

American  Falls. 

Beaver 

Bois6  Barracks . 

Bonanza 

Era 

Fort  Sherman.. 

Henry's  Lake.. - 

Kootenai 

Mullan 

Payette 

Placerville 

Soda  Springs... 
Illinois: 

Aurora 

Cairo 

Charleston 

Chicago _ 

Cockroll 

CoUinsville 

Fort  Sheridan  . . 

Hennepin 

Lacon 

Louisville 

Olney 

Oswego 

Ottawa 

Palestine 

Peoria 


Last. 


Oct.  31 
Nov.  1 
Nov.  2 
Nov.  1 
Nov.  2 
Oct.  28 
Oct.  28 
Nov.  2 
Nov.  1 
Nov.  1 
Nov.  1 
Oct.  28 
Nov.  29 
Oct.  31 
Dec.  13 
Oct.  28 
Oct.  31 
Nov.  1 
Nov.  1 
Oct.  29 
Oct.  271?)! 
Oct.27(«;. 
Nov.  1 
Nov.  1 
Dec.  10 
Dec.  10  I 
Oct.  28 
Oct.  31 
Oct.  28 
Nov.  1 
Oct.    28 

Sei)t.  7 
Sept.  7 
Oct.  3 
Aug.  8 
Sept.  7 
Sept.  12 
Aug.  20 
Oct.  9 
Sept.  7* 
Sept.    7 


Apr.     6 
Apr.     6 


Apr.     6 


Apr. 


5 


Apr.     6 


States  and  stations. 


Apr.     6 


Apr.     r> 
Mar.  15 


First. 


Apr.     f)  ,, 
Apr.     G  ' 


Apr. 


i) 


Aug.    8 

Sept.  17 
Oct.  31 
Oct.  27 
Oct.  27 
Oct.  20 
Ot.  27 
Sept.  13 
Sept.  28 
Oct.  20 
Oct.  20 
Oct.  20 
Sept.  13 
Oct.  20 
Oct.  20 
Oct.    27 


Apr. 
Apr. 
Apr. 
Apr. 


«    : 
5   ' 


Mav    20 


Mav  S 
Mav  31 
May  20 
May  9 
.Juno  .30 


Mav 

Mai- 
May 


1 

9 
9 


May   13 


May    17 
April   4 


••  ,' 


Apr.  S 

Apr.  H 

Apr.  7 

Mav  Hi 

May  18 

Apr.  7 


5 


Apr. 

Mayl7(?)'i 
Apr.  13  ' 
May  {)  ! 
Apr.     7  '' 


Illinois— Cont'd. 

Philo 

Riley 

Rockford 

Rock  Island  Ar- 
senal   

Rushville 

Sandwich 

South  Evanston. 

Springlield 

Sycamore 

Indiana : 

Indianapolis 

Joffersonvillo... 

La  Fayette 

Mauzy 

Point  Isabel 

Seymour 

Sunman 

Valparaiso 

Vevay 

Indian  Territory : 

Fort  Supply 

Hcaldton 

Iowa : 

Afton 

Alta 

Amana 

Ames 

Atlantic 

Bancroft 

HcUc  Plaine 

Rlakovilc 

Carroll 

Carsfm 

Codar  Falla 

Cedar  Rapids... 

Clarinda 

Clinton. c 

Crcsco 

Davonjwrt 

DcH  Moines 

Dubuque  

Kaglo  Grove 

Fayette 

Fort  Madison... 

(Ilonwood ■ 

(Jroenlleld I 

Grinnell j 

Hampton I 

Humooldt ' 

IndcjKjndcnce  -.| 

Indianola « 

Iowa  City ! 

Keokuk* ' 

Lurrabee ! 

Logan ' 

Mason 

Maquoketa 

McCausland 

Monticello , 


Sept.  14 
Sept.  17 
Sept.  28 

Oct.  27 
Oct.    27 

Sept.  28 
Sept.  13 
Sept.  13 
Sept.  20 

Oct.  21 
Nov.  1- 
Oct.  21 
Nov.  1 
Sept.  14 
Oct.  21 
Oct.  29 
Oct.  30 
Oct.    30 

Sept.  30 
Dec.     7 

Sept.  13 
Sept.  13 
Sept.  28 
Sept.  13 
Sept.  13 
Sept.  28 
Sept.  13 
Oct.  19? 
Sept.  13 
Sept.  13 
Sept.  27 
Sept.  28 
Oct.  19 
Oct.  20 
Sept.  8 
Sept.  13 
Sept.  13 
Sept.  28 
Sept.  13 
Sept.  13 
Sept.  28 
Sept.  30 
Sept.  13 
Sept.  13? 
Sept.  13 
Sept.  13 
Oct.  27 
Oct.  19 
Sept.  13 
Oct.  19 
Sept.  13 
Sept.  13 
Sept.  13 
Sept.  28 
Oct.  20 
Sept.  28 


Last. 


May  17 
May  (5 
May     6 

May     4 


May  17 
May  — 
Apr.  8 
May   27 

May  7 

Mav  7 

May  17 

May  7 

May  7 

May  7 


Mav  6 

Apr.  12 

Apr.  5 

Mar.  12 


May  6 
May  6 
May     6 

May  18 
May  17 
Apr.  9 
May  4 
May   17 


May  18 

May  (S 

Apr.  7 

May  17 

May  0 

May  5 

May  11 

May  6 

May  5 

May  27 

Apr.  5 

Apr.  7 

May  6 

Apr.  8 

Mav  6 

Mav  6 

Apr.  8 

May  26 

Apr.  8 

Apr.  8 

May  4 

May  17 

May  fi 

Apr.  7 
May  27? 

May  U 


."1 
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Dates  of  First  and  Last  Killing  Frost  for  the  Season  iSOO-W-^JonVd. 


States  and  stations. 


Iowa— Cont'd. 

Mount  Pleasant. 

MuBcatine 

Osag^o 

Oskaloosa 

Panama 

Sac  City 

Sioux  (Jity 

Stilson 

Storm  Lake 

Vinton 

Washington 

Webster  City... 

West  Bend 

Kansas: 

Allison 

Alton 

Altoona 

Columbus 

Concordia 

Cunningrham  ... 

Dodge  City 

Downs 

Klk  Falls 

Emporia 

Englewood 

Ft.  Leavenworth 

Fort  Riley 

Fremont 

Globe 

GoveCitjr 

Ilavensville 

Horton 

Independence  _. 

Kansas  City 

Ija  Crosse 

I-ia  Harpe 

Lakin 

learned 

Lawrence 

Leavenworth  _ . _i 

T^ebo 

Macksville 

Manhattan 

Morse 

Norton 

Oswego 

Salina 

Sedan  

Seneca  

Shields 

Topjka 

Tribune 

Wakelield 

Wichita 

Kentucky : 

Caddo 

Canton 

Central  City 

Earlington 

Edmonton 


14 
13 
13 
27 
IG 
27 
31 
13 
27 
14 
13 
27 
13 
13 
20 
27 
8 

13 
27 
27 
27 
13 
13 

13 
27 
13 

3 
1I> 

3 
20 
14 
13 
14 


Oct.    27 

Sept.  28 
Sept.  13 
Sept.  13 
Sept.  12 
Sept.  17 
Sept.  29 
Sept.  13 
Sept.  13 
Sept.  28 
Sept.  13? 
Sept.  13 
Sept.  13 

Sept.  13 

Sept.  13 

Oct.    19 

Oct.    18V| 

Sept.  29 

Sept.  13 

Oct. 

Sept. 

Oct. 

Oct. 

Oct. 

Oct. 

Oct, 

Sept. 

Oct. 

Oct. 

Sept. 

Oct. 

Sept. 

Sept. 

Oct. 

Oct. 

Sept. 

Sept. 

Oct. 

Oct. 

Oct. 

Sept. 

Sept. 

Oct. 

Sept. 

Oct. 

Sept. 

Nov. 

Oct. 

Nov 

<  )<!t. 

Oct. 

Si'pt. 

Oct. 


Nov. 

Oct. 

(.)ct. 

Oct. 

Oct. 


20 
31 
31 
31 

28 


Apr.     5 


;> 

V 


May 
May 

Mav  0 

May  6 

Apr.  7 

May  7 

May  4? 

May  () 

May  11 

May  »> 

May  it 

Apr.     5 

May'  "7 

Apr.  ") 

May  11 

Mav  11 

May  11 
May  13y 

Apr.  3':' 

Apr.  r> 

Apr.  r> 

Apr.  5 

Apr.  o 

Apr.  14 

Apr.  5 

Apr.  14 

May  11 

Apr.  5 

Apr.  11 

Apr.  ') 

Apr.  r> 

Apr.  7 

May  11 


Apr. 
May 
May 
Mai- 
Apr. 

Ai)r. 
May 
A))r. 
Apr. 
May 
Ai)r. 
A])r. 
Apr. 
Apr. 

May 
A  1)1*. 
Mav 
Mur. 
Apr. 


5  1: 


11 
11 
11 

4 


'•' .' 

11  ' 
11    I 

14     ; 

5  . 


I 

r» 

1:. 
■I 


Kentucky — Cont'd . 

Frankiort 

Franklin 

Harrodsburg  ... 

Lexington 

Louisville 

Mount  Sterlinff- 
Newjjort  Bar-cks 


Pollville. 


Princeton 

Richmond 

Shelby  ville 

Louisiana: 

Alexandria 

Amite  City 

(!heney  ville 

Coushatta 

.lackson  Barr'cks 

La  Fayette 

Liberty  Hill.... 

Marks  ville 

Minden 

Natchitoches . . . 

New  Orleans I 

PortEads 

Shreveport 

Maine : 

('Ornish 

ICastport 

Karmington 

Fort  Preble 

Kennel^ecArs'n'l 

Kent.s  Hill 

(.)rono 

Portland 

Maryland: 

Baltimore 

Barren  Creek 
Springs 

Cumberland 

Fallston 

Fort  MeHenry.. 

Frederick 

(iaithewburg-.. 

I\IcDonogh  , 

Mt.  St.  Marys  .. 

Woodstock 

Massachusetts: 

Amherst 

Mlue  Hill  (Vary) 

Boston 

Browfj-ter 

('aml)ridge 

Chestnut  Hill.-. 

Concord 

Dudley 

KalllUver 

Fort  Warren  ... 

Tlouth    

L.Mr'cster 

Ludlow --  .- 


Oct. 

Oct. 

Oct. 

Oct. 

Oct. 

Oct. 

Nov. 

Oct. 

Oct. 

Oct. 

Oct. 

Nov. 

Nov. 

Nov. 

Nov. 

Dec. 

Nov. 

Oct. 

Oct. 

Nov. 

Nov. 

Dec. 


17 
31 
15 
30 
28 
21 
1 
30? 
20 
21 
20 


Apr. 
Maj 

Apr. 
Mi^ 
May 
May 
May 
May 
May 


4 

1 

1 

4    

9     Jan. 

4 

27? 
27 

4 

4 
10 


Nov.     4 


Sept. 

Oct. 

Sept. 

Oct. 

Oct. 

Oct. 

Sept. 

Oct. 


25 


10 
24 
22 

6 
21 
2.1 


Apr. 
Apr. 


Jan. 
Jan. 
Mar. 


Apr. 
Apr. 
May 
May 
May 
May 
May 
21     May 


Oct.    Zl  \  Apr. 
Oct.    31  j  May 


Sept. 

Oct. 

Nov. 

Oct. 

Oct. 

Nov. 

Oct. 

Oct. 


6 
5 

m 
1 

7 
5 

m 
i 

I 

*. 
I 

6 
I 
7 


26 


6 


14 
19 
13 

20 
.y 
23 
6 
10 


20  I  Apr. 
31  I  Apr. 
20  !  Apr. 
22?.  Apr. 
22?;  Apr. 
5?  Apr. 
30  Apr. 
.31     Apr. 


Sept.  25 
Sept.  25 
Oct.  22 
Nov.  4 
Oct.  22 
Oct.  22 
Sept.  25 
Oct.  22 
Oct.  22 
Oct.  24 
Sept.  25 
Sept.  2« 
Sept.  25 


May 
May 

May 


6 
6? 

0 

•* 

•. 
t 

9 

8 
7 
8 
9 

19 
6 
6 


May 
May 
May 
May 
May 
Apr. 
May 


6 
K 

18 
7 
6 
0 

10 


•  '■ 


May  20 
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Dates  op  Fibst  and  Last  Killing  Frost  for  the  Season  1890-'91— Ck>nt'd. 


States  and  stations.     First. 


Massachu'ts— Con. 

Milton 

Nahant 

Nantucket 

New  Bedford  .-- 

Newburyport 

North  BiUerica . 

Royalston 

Somerset 

Springfield 
Armory 

Taunton 

Vineyard  Haven 

WestDoro 

Worcester 

Wood's  HoU 

Michigan: 

Albion 

Alpena 

Berrien  Springs 

BirminghJiiA.   . 

Detroit 

Escanaba 

Fort  Brady 

Fort  Mackinac.. 

Fort  Wayne 

Grand  Haven  . . . 

Hudson 

Jackson 

Kalamazoo 

Lansing 

Manistee 

Manton 

Marquette 

Marshall 

Mottville 

Port  Huron 

SaultSte.  Marie. 

Thorn  ville 

Ypsilanti* 

Minnesota : 

Duluth 

Faribault 

Fort  Snelling... 

Le  Sueur 

Marshall 

Minneapolis 

Montevideo 

Moorhead 

Morris 

Redwing 

St.  Charles 

St.  Paul 

St.  Vincent 

Sheldon 

Mississippi : 

Aberdeen 

Agr'l  College . . . 

Batcsvillo 

Boones  ville 

Brookhaven 


Sept.  25 
Nov.  4 
Nov.  21 
Oct.  22 
Oct.  22 
Sept.  25 
Sept.  24 
Oct.    22 

Oct.  22 
Oct.  22 
Nov.  21 
Sept.  25 
Sept.  25 
Nov.    4 

Sept.  28 
Aug.  24 
Aug.  2;{ 
Sept.  14 
Oct.  21 
Sept.  28 
Sept.  26 
Oct.  18 
Oct.  21 
Sept.  28 
Sept.  13 
Sept.  28 
Oct.  29 
Sept.  14 
Sept.  17 
Aug.  23 
Sept.  24 
Aug.  23 
Oct.  20 
Sept.  29 
Sept.  27 
Auar.  23 
Sept.  28 

Sept.  28 
Oct.  15 
Sept.  13 
Oct.  15 
Sept.  27 


Last. 


Sept.  13 

Sept.    8 
Sept.  13 


Sept.  37 
Sept.  27 
Aug.  22 
Sept.  28 


Oct. 
Oct. 
Oct. 
Dec. 
Nov. 


28 
31 
31 
13 


May 
May 
May 
May 


May 
Apr. 
May 

May 
May 
Apr. 
May 


May 
Mav 


May 
May 
May 
May 
May 
May 
May 
May 
May 
May 
May 
May 


May 
May 
May 
May 
May 

MaV 
May 


6 
6 

28 
6 


Apr. 


9 
G 

0 

0 
19 


Apr.     8 


2() 
17 


May 

5 

May 

17 

May 

6 

May 

U 

May 

5 

May 

10 

Mav 

2;') 

May 

•• 

0 

May 

6 

May 

5 

May 

mm 

•  > 

May 

2<) 

May 

5 

States  and  stations. 


17 

2G 

20 

17  ! 

27 

17 

26 

16  I 
6  ' 

27 

17 


20; 
-I 

4 

17 
20 
17 
27 


r> 


Apr. 


;> 


Mississippi-rCon. ' 

Canton 

Columbus 

Corinth 

Edwards 

Enterprise 

Greenville 

Hazlehurst 

Hernando 

Holly  Springs  . . 

.Tac'kson 

Kosciusko 

Lake 

Louiftyille 

Meridian 

Mess  Point 

Natchez  _ 

Okolona 

Palo  Alto 

Pearlington 

Pontotoc 

Port  Gibson 

Kienzi 

University 

Vaiden 

Vicksburg 

Washington 

Water  Valley  ... 

Waynesboro 

West  Point 

Missouri : 

Adrian 

Appleton  City  . . 

Austin 

Brunswick 

Carrol  ton 

Columbia 

DarkoBville 

Eldon 

Excelsior  Sp'gs. 

Fayette 

Glenwood 

Grand  Pass 

Hannibal 

Harrisonville... 

Hermann 

Tronton 

Kansas  City 

Kiddor 

Lebanon 

Lamar 

Liberty 

Marshall 

New  Haven 

Oak  Hid^re 

Orej^on 

Pickerin*; 

Piatt  Riy.  (near) 

fViiiei'ton ! 

^^t.  T^)iiit5 

Sarcoxic ' 


First. 


Nov.  4 

Nov.  1 

Oct.  31 

Nov.  4 

Oct.  31 

Dec.  8 

Nov.  1 

Oct.  31 

Oct.  31 

Nov.  1 

Oct.  31 

Oct.  27 

Oct.  31 

Oct.  27 

Dec.  8 

Nov.  4 

Oct.  31 

Oct.  31 

Nov.  4 

Oct.  31 

Oct.  27 

Oct.  31 

Oct.  31 

Oct.  28 

Nov.  4 

Nov.  4 

Oct.  31 

Nov.  4 

Nov.  4 

Sept.  12 
Oct.  27 
Oct.  27 
Oct.  27 
Oct.  26 
Oct.  23 
Sept.  13 
Oct.  31 
Sept.  13 
Oct.  23 
Sept.  13 
Oct.  27 
Oct.  27 
Oct.  19 
Oct.  27 
Oct.  31 
Oct.  19 
Sept.  13 
Oct.  27 
Sept.  15 
Sept.  13 
Oct.  31 
Oct.  31 
Oct.  31 
Sept.  13 
Sept.  13 
Sept.  13 
Oct.  19 
Oct.  27 
Oct.    19 


Last. 


Apr.    5 


Apr.     5 
Mar.  15 


Apr.     6 


Apr. 
Air. 
Apr. 


Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 


6 
6 

4 


Feb.  27 


5 
6 
6 
5 
4 
6 
5 


May  26 
Apr.  5 
Apr.  5 
Apr.  7 
Apr.  6 
May  6 
May  6 
May  6 
May  11 
May     6 


Apr. 

7 

Apr. 

5 

Apr. 

4 

Apr. 

5 

.•  ^  ^  ^  .■  ^  ■ 

Apr. 

"h 

Apr. 

13 

Apr. 

7 

Apr. 

«> 

Apr. 
May 

4 

6 

May 

16 

May 

1 

May 

6 

Apr. 

7 

Apr. 

5 

74S 
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Dates  op  First  akd  Last  Killing  Frost  for  tiib  Season  1890-*91— Otmt*d. 


States  and  stations. 


First. 


27 
14 
20 
27 
27 
27 
19 

11 


5 


Missouri — Cont'd. 

Sedalia Oct. 

Spring^field Oct. 

Steel ville Oct. 

Stellada Oct. 

Warrentown  _..  Oct. 
Willow  Springs.  Oct. 
Withers  Mill-.-   Oct. 
Montana : 
Assinniboine,     Sept. 

Fort. 
B  1  a  c  k  f  e  o  t     Sept. 

Agency. 
Camp    Popular     Sept.  11 

River. 

Choteau  

Custer,  Fort... 

Glendive 

Helena 

Keoghf  Fort... 

Logan,  Fort |  Sept. 

Martindale |  Sept. 

Missoula.  Fort ..  I  Sept.  11 
Powder  River  ..1  Sept.  Iti 

Shaw,  Fort |  Sept.  11 

Virginia  City. -.  I        (*) 
Woodworth  ....!       (*) 

Alliance Sept.    2 

Ansley Sept.  12 

Beaver  City Sept.  13 

Creighton/ Sept.  U 

Crete Sept.  13 

DoSota Oct.    19 

Fort  Niobrara..   Sept.    V) 

Fort  Omaha Sept.  12 

Fort  Robinson..   Sept.  12 

Fort  Sidney S«-»])t.  13 

Fremont Sept.  13 

(Jenoa Sept.  13 

rit»ring Oct.      I 

Sopt.  13 
Sept. 


Sept.  11 
Sept.  14 
Sept.  19 
Sept.  7 
Sept.  11 
« 


Harvard 

Hay  Spring's 

Kt^finodv 

Kimbalt 

I-(xiri^Mon 

Lincoln    (Univ. 
of  Ni>br.) 

North  IjOU]) 

North  Platte 

Omaha 

Syracuse 

IVeum'^iih 

Valentine 

Wi.'C'pin«r  Water! 
Ncvachi: 
B-.'0\va\ve 

('arson  i;itv   --. 

i-:ii ■    ... 

Piochu  .    


Last. 


Apr. 
Apr. 


Apr. 


May 
May 
May 
May 
May 


May 
May 
Apr. 
Apr. 
Apr. 
Apr. 
May 
Apr. 
May 
Apr. 
Apr. 
Apr. 
May 
.\pr. 
Mav 


5 
5 


5 


May     6 
May   20 


May     4 


23 
4 
3 
3 

21) 


States  and  stations. 


May  20 

June  10 

May  21 

May  21 


10 
26 
5 
15 
11 

i 

20 


;  I 


I 
4 

29 
T) 

14 

3 

■* 
1 

11 


I 


New  Hampshire: 

Berlin  Falls 

Concord 

East  Canterbury 

Hanover 

Manchester 

Nashua 

North  Sutton... 
New  .Tersey: 

Atlantic'City . . . 

Beverly 

Egg  Harbor  City 

New  Brunswick. 

Readington 

Woodbury 

New  Mexico: 

Albert 

Albuquerque  .- 

Carthage 

(.'hama 

Coolidge I 

Estalina  Springs 

Fort  Bayai'd 

Fort  Stanton  . . . 

Fort  Union 

Fort  Wingate  . . 

Gallinas  Springs; 

Hillsboro 

Hills  Ranch.... 

LaLuz 

Lava 

I-as  L\mas 

Santa  Fe 

New  York : 

Albany 

Angelica 

Bingham  ton 

Buffalo 

Canton ' 

(Vmstableville  . .' 

Davids  Island.. 

Fat^ory  ville 


First. 


Aug. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 
Sept. 

Nov. 

Oct. 

Oct. 

Oct. 

Oct. 

Sept. 

Nov. 
Oct. 


7 

25 
24 
25 
25 
25 
25 

1 
31 
31 
31 
31 
25 

12 


Sopt.  12  I ". li      Fort  Hamilton . . 

Sept. 
Sept. 


13 


2() 
12 
II) 


Oct. 

Si'pt. 
Sopt. 
Sept.  2S 
Sopt.  13 
Soi)t.  13 
S<!]>t.  13 
Sopt.  13 

.S«.*j)t.  — 
Oot.  3 
So])t.  — 
Sopt.  — 


Winnemucca  ...   Sopt.    G 


May 
May 

Apr. 
May 
Apr. 
Apr. 
Ajn*. 
May 
Mai- 
Apr. 

Ai)r. 
May 
Mav 
May 
Apr. 


27 
U 


10 

14 
7 
4 

17 
4 

11 


10 


25  ii 


Foi't  Niagai*a . 

Fort  r*orter 

Fort  Schuyler . . 
Fort  Wadsworth 

Oonova 

I  loss  Road  Sta-  1 

tion I 

Kumiihivv I 

Tlion  ....* ! 

Ithaca I 

Low  villi? 

Madison      Bai^  • 

raolvs 

Marshland 

Middloburg. 

X«;w  Lisl)on 

New  York  City . 


Sopt. 

Oct. 

Oct. 

Oct. 

Oct. 

Sept. 

Oct. 

Nov. 

Nov. 

Oct. 

Nov. 

Oct. 

Oct. 

Oct. 

Oct. 

Sept. 

Sept. 

Sept. 

Sopt. 

Sept. 

Oot. 

Sept. 

Nov. 

Nov. 

Nov. 

Oct. 

an. 

Sept. 

Sopt. 

Sept. 

Sept. 

Oct. 

Sept. 

Sept. 
Sept. 
Sept. 
Sept. 
Oot. 


8 
0 

16 
13 

t 
II 

5 
11 

3 
13 
16 
22 

4 
13 

22 
25 
23 
25 
25 
25 
30 
2<^ 
24 
4 
3 
30 
31 
25 


2.3 
25 
25 

oo 

•MM 

2.5 


25 
25 
25 
31 


Last 


June  9 
May    ^ 

Apr.  24 
June  6 
May  19 
May  19 


Api 

Ma2 
May 

May 


Apr.    9 


Apr.    9 
May   15 


Ap.  3 
June  10 
June  14 
June  2 
Mv  27 
Apr.  2r» 


May  31 
Apr.  5 
Apr.  5 
Apr.  20 


June 

Mav 

1       • 

Apr. 

1 
'» 

9 

May 
May 

21 

-1 

May 

1 

Apr. 
May 
May 
Apr. 
May 
May 

*  a  ^  a  «  •  1 

9 

2: 

...... 

«  a  * 

May 

6 

May     4 
May  27 


May  27 


*  Has  a  miuimvnxi  ot  3^  or  less  each  month  of  year. 


REPORT  OP  THE   CHIEP  SIGNAL  OFFICER.  743 

Dates  of  First  and  Last  Killing  Frost  for  the  Season  1890~'91— Cont'd, 


States  and  stations. 


New  York— Cont'd. 

Number  Four... 

Ogdensburg 

Oswego 

Palmer 

PI attsbur g 
Barracks 

Rochester 

South  Kortright 

Watervllet  Ar- 
senal   

West  Point.-.. 

Willets  Point  . 
North  Carolina: 

Asheville.. 

Chapel  Hill.... 

Charlotte 

Goldsboro 

Hatteras 

Highlands 

HendersonvlUe  . 

Hot  Springs 

Kitty  Hawk.... 

Lenoir 

Lumberton 

Morganton 

Mount  Airy 

Mount  Pleasant - 

Newbeme 

Oak  Ridge 

Raleigh 

Soapsione,Mt_.. 

South  port 

Washington 

Weldon 

Wilmington 

North  Dakota: 

Bismarck 

Bufort,  Fort 

Gallatin 

Davenport 

Kelso 

Napoleon 

Mew  England 
City 

Steele 

Wahpeton 

Wild  Rice 

Yates,  Fort 

Ohio: 

Bement 

Cincinnati 

Cleveland 

Columbus 

Demos 

Elyria | 

Garrettsvillo  ... 

Gratiot 

Hassan 

Jacksonboro 


First. 


Sept.  25 
Sept.  25 
Oct.  31 
Sept.  25 

Oct.  22 
Sept.  29 
Sept.  25 

Sept.  .24 
Oct.  14 
Nov.     5 

Oct.  21 
Oct.  28 
Oct.  28 
Nov.  I 
Dec.  14 
Oct.  15 
Oct.  28 
Oct.  20 
Dec.  13 
Oct.  21 
Oct.  28 
Oct.  21 
Oct.  21 
Oct.  28 
Nov.  1 
Oct.  21 
Oct.  28 
Oct.  28 
Nov.  1 
Oct.  28 
Nov.  1 
Nov.  1 

Sept.  13 
Sept.  12 
Sept.  12 
Sept.  13 
Aug.  22 
Aug.  4 

Sept.  13 
Sept.  8 
Aug.  22 
Sept.  12 
S«pt.  12 


Last. 


Oct. 

Nov. 

Oct. 

Oct. 

Oct, 

Oct. 

Oct. 

Oct. 

Oct. 

Oct. 


..!< 
1 

21 
27 
31 
21 

18 

:w 

21 
31 


Apr.     7 


May 
Juno 

May 
May 


May 
May 
Apr. 

May 
May 
Apr. 


Mav 
Mav 
May 
Apr. 
May 
Mav 
Mar. 

May 
May 
Mav 


Mav 


May 
Mav 
MaV 


*>7 
5 


19 
27 


G 

9 

6 
(> 
6 


Mar. 

15 

May 

t) 

May 

G 

Mar. 

ir> 

May 

1 

May 

(i 

May 

8 

May 

() 

I 
G 

(> 

lo 


i:» 
2:> 


'S> 


2.') 
3 

2r> 


^iay 

IT 

A])r. 

H 

Mav 

17 

Mai- 

r, 

May 

17 

Mav 

17 

May 

17 

May 

"g' 

States  and  stations. 


I 


-  I 


'I 

I 


Ohio— Cont'd. 

Kenton 

Leipsic 

Napoleon 

North  Lewis- 
burg  •-.- 

Orangeville 

Portsmouth 

Sandusky 

ShUoh 

Tiffin 

Toledo 

Vienna 

Wauseon .. 

Westerville 

Oklahoma: 

Guthrie 

Oklahoma  City. 

Reno.  Fort 

Sill,  Fort 

Oregon: 

Albany  

Astoria 

Baker  City 

Baudon  

Boulah 

Vjola, 

Grants  Pass 

Ilappy  Valley.. 

Hoppiier 

Joseph 

Lake  View 

McMinnvOle  .-. 

Mount  Angel... 

1  *ortland 

lioseburg 

Pennfiylvaiiia: 

Aqueduct 

I5l(x)ming  Grove 

HUie  Knob 

Corry 

Dyeberry 

Fidinboro 

Kric 

Franklin 

(•ram plan  Hills. 

Harrisburg 

Kilmer 

LolW 

Xis])i.^t 

IMiiladi'lphia  ... 

lMulli]>sbur^  _  .. 

l*]uH.'iilxvillo 

l'ittjsburf»- 

i  Mriisant  Mount - 

(»>iiukort<)wn 

Siilein  Corners  . 

Stato  Colh'ffc... 

Tipton 

Troy 


First. 


Oct.  31 
Sept.  14 
Oct.    21 

Oct.  30 
Oct.  22 
Nov.  1 
Oct.  22 
Oct..  31 
Sept.  29 
Oct.  21 
Oct.  22 
Oct.  21 
Sept.  28 

Nov.  2G 


Nov.  3 
Nov.     3 

Oct.  10 
Nov.  6 
Sept.  6 
Oct.  13 
Sept.  1 
Oct.  10 
Oct.  8 
s-pt.  1 
Sept.  12 
Sept.  « 
Oct.  1 
Oct.  10 
Oct.  10 
Nov.  (» 
Oct.   9 

Oct.  31 
Sept.  25 
Sept.  1 
Sept.  25 
Sept.  25 
Oct.  28 
Oct.  18 
Sept.  29 
Sept.  1 
Oft.  22 
Oct.  31 

St'in.  2r» 

(..h't.  31 
(Vt.  31 
S»']it.  1 
Oct.  31 
Ocrt.  31 
Oct.  31 
Sopt.  20 
S.'pt.  25 
Sept.  25 
Sept.  25 
Oct.    22 


Lost. 


May  17 


May   17 

May  17 
May  27 
May  17 
May   17 


May   17 
May   27 


May   27 
May    17 


Apr. 
Apr. 
Apr. 
Apr. 


5 
5 
5 
5 


Apr.  3 

Mar.  11 

May  9 

Mar.  9 

May  8 

Apr.  3 

May  8 

May  21 

May  21 

May  10 

Mav  30 

May  8 

Apr-  3 

Mar.  31 

Mar.  31 


Apr. 

9 

May 

(i 

May 

G 

May 

27 

May 

IS) 

May 

7 

May 

5 

May 

27 

April 

9 

April 

6 

May 

17 

April 

April 

G 

:May 

G 

May 

17 

May 

G 

May 

28 

May 

6 

May 

6 

"May" 

"5 
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REPORT   OF   THE   CHIEF   SIGNAL   OFFICER. 


Dates  op  First  and  Last  Killing  Frost  for  the  Season  18ft0-'91— Cont'd. 


Penn'a— Cont'd. 

Wellsboro 

Westchester., . 

Westtown 

Rhode  Island: 

Block  Island 

Fort  Adams 

Kington 

Narragansett 

Pier 

South  Carolina : 

Allendale 

Batesburg 

Black  ville 

Branch  ville 

Charleston 

Choraw 

Columbia 

Florence  

Greenville 

Greenwood 

Jacksonboro 

Kingstrce 

Kirkwood 

St.  Georges 

St.  Matthew .... 

Simpson  ville  . . . 

Spartanburg  ... 

Statesburg 

South  Dakota: 

Aberdeen 

Alexandria 

Brookings 

Canton    

Clark 

Flandrcau 

Fort  Bennett 

Fort  Meade 

Fort  Randall 

Fort  Sully 

Highmore 

Howard 

Huron.. 

Mlllbank 

Oelricha 

Onida 

Rapid  City 

St.  Lawrence  . . . 

ScTanton 

Sioux  Falls 

S])earf1sh 

Vermillion 

Webster 

Wolst.\v 

Woonsocket 

Yankton 

Tennessee: 

Arlington 

Ashwood 


Sept.  28 

Oct.  31 

Oct.  31 

Nov.  5 

Nov.  4 

Oct.  22 

Oct.  13 


Nov. 

Oct. 

Nov. 

Oct. 

Dec. 

Oct. 

Oct. 

Nov. 

Oct. 

Oct. 

Nov. 

Nov. 

Oct. 

Nov. 

Nov. 

Oct. 

Oct. 

Oct. 


May 
May 
Apr. 


Apr. 
May 


Apr. 


Feb. 
Apr. 
Apr. 


1 
31 
29 

28 
28 
28 
28 
28 
28 
28 
30 

1 
28 
30 

1 
28  I  Apr 

15  ! 

28  I  Apr 


Sept.  8 
Sept.  13 
Sept.  5 
Sept.  13 
Sept.  0 
Sept.  13 
Sept.  13 
Sept.  19 
Sept.  13 
Sept.  19 
Sept.  13 
Sept.  12 
Sept.  13 
Sept.  13 
Sept.  t) 
Sept.  13 
Sept.  13 
Auf,'.  22 
Sept.  13 
Sept.  13 
Oct.  18 
Sept.  13 
Aug.  22 
Sept.  13 
Autr.  22 
Sept.  13 


May 
May 
May 
Apr. 
May 
May 
May 


I 


Nov.   2S  i 

Oct.    31  I  Apr. 


6 


7i' 


27 
(i 


Apr.    6 


(5 


o 

25 
13 
17 
14 
1<5 
6 
10 


I  May    10 


;  May     3 


May 

10 

May 

8 

May 

May 

4 

May 

16 

May 

4 

May 

9 

May 

21 

May 

10 

May 

4 

0 


Tenn.— Cont'd. 

Bolivar 

Brownsville  -. 

Chattanooga  ...- 

Covington I 

Cumberland  Gap 

Dyersburg 

Grand  Jimction . 

Knoxvillo 

MomphLs 

Milan ^ 

Nashville 

Riddleton 

Texas: 

Abilene 

Berlin 

Brady 

Brownsville 

Brown  wood 

Camp  del  Rio . . . 

Camp  Eagle  Pass 

Camp  Peila  Col- 
orado   

Child  reps 

College  Station  . 

(•old  water 

Corpus  Christ! . . 

Corsicana 

Cuero 

El  Paso 

Fort  Bliss 

Fort  Clark 

Fort  Davis 

Fort  Hancock... 

Fort  Mcintosh -- 

B^ort.  Ringgold . . 

Fort  Sam  Hous- 
ton  

Gallinas 

(lalveston 

Graham 

Grapevine 

Hartley 

Hearne 

Houston 

I-A  Grange 

Lampasas 

Luling 

Menard  ville 

Merkel 

Mesquite 

No  w  Braunfels .  - ' 

Oranjre i 

Palestine.. 

Panhandle 

Pantliur 

Rio  Grande  City  i 

Round  Rock 

San  Antonio ! 


Apr. 
Apr. 


6 

6 


;  Apr.    fi 
{  Apr.    4 


Oct.  31 

Oct.  31 

Oct.  28 

Oct.  31 

Oct.  28 

Oct.  31 

Oct.  31 

Oct.  28 

Oct.  31 

Oct.  31 

Oct.  28  I  Apr.    5 

Oct.  28  I  Apr.    6 


Nov.  27 

Nov.  28 

Nov.  28 

(*) 

Nov.  28 

Oct.  13 

Nov.  28 

Oct.  23 

Nov.  3 

Dec.  8 

Oct.  15 

(*) 

Nov.  3 

Nov.  4 

Nov.  16 

Nov.  16 

Dec.  9 

Nov.  15 

Oct.  13 

Nov.  27 

Dec.  7 

Dec.  8 

Nov.  4 

(*) 

Nov.  3 

Nov.  27 

Oct.  13 

Nov.  4 

Nov.  4 

Nov.  28 

Nov.  28 

Nov.  28 

Nov.  28 

Nov.  20 

Nov.  27 

Nov.  28 

Nov.  .4 

Dec.  8 

Nov.  3 

Nov.  27 

Doc.  9 

Nov.  28 

Dec.  8 


Mar. 

26 

!  Apr. 

5 

Apr. 

.1 

I*) 

Apr. 

5 

Mar. 

9 

Mar. 

8 

Apr. 

7 

Apr. 

4 

Mar. 

13 

(•) 

April 

'0 

"Mar"" 

1  m  m 

15 

Mar. 

11 

Mar. 

9 

Apr. 

2 

Apr. 

22 

Feb. 

4 

Feb. 

12 

Mar. 

9 

Mar. 

9 

(*) 

Apr. 

5 

Apr. 

5 

jMar.  13 


Mar.    9 
Mar.  13 


Apr,     "» 
Apr.  13 


Mar.  2: 
Apr.  3 
Apr.  4 
Jan.  24 
Apr.  5 
Mar.    9 


*No  iioai  during  svason. 
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Dateb  op  First  ahv  Last  Eillinq  Frost  for  the  Skason  1^90-'9I— Cont'd. 


States  and  BtaUons.     First. 


Texas— Cont'd. 

Silver  Falls 

Venus 

Utah: 

AlU 

Beaver 

FortDuCbesne. 

Grouse  Creek... 


Moab 

Mount  Carmel.. 
Mount  Pleasant 

O^eii'.'".'.'.'." 

Park  City 

Paroway 

St.  George 

Sftlt Lake  City, 
l^lor's  Ranch 

Vermont: 

&mMlciltioro 

Lunenburg 

Northfleld..... 
BtraSord  - 

Virginia: 
Bedford  City... 

Birds  Nest 

Bolar 

Cape  Henry 

Casanova _ 

Oh  rietiausburgh 
Dale  EnterprlM . 

Fall  Creek 

Fort  Monroe 

FortMyev 

lA-nciiburg 

Marion 

Norfolk 

Nottoway 

Petersburg 

'  Richmond 

Salom 

Staunton. 

Summit 

Wvtheville 

Yanceyg  MlUs.. 
Washington : 

BlakeFey 

Chchalis 

Doe  Bay 

East  Sound 

Fort  Cuiby 

Fort  Spokane. . . 

Port  Townttend  . 

Port  Walia 
Walla 


Sept.  7 

Sept.  8 

Sept.  2 

Oct.  I 

Sept.  8 

Oct.  12 

Sept.  7 


Sept. 
Oct. 
Oct. 
Sept. 


Oct.  30 

Nov.  4 

Oct.  30 

Nov.  29 

Oct.  31 

Oct.  30 

Sept.  23 

Oct.  21 

Nov,  27 

Oct.  28 

Oct.  31 

Nov.  1 

Oct.  21 

Nov.  1 

Oct.  28 

Oct.  31 

Oct.  28 


I  Ff  b.     8 

S.>pl.  12 

I  Nov.     7 


Last.       States  and  stations.      First.        i..ast. 


Apr.   27 

Mar.  31 

Apr!  2(1 

Apr.  20 

Apr.  U 

May  11 

May  IP 
Apr.  29 
May  24 
May    IB 


Mar.  10 

M^y     7 
May     7 


Apr.  9 

Mav  8 

May  7 

Mav  « 

Mar.  18 

Mav  7 

May  (1 

May  (i 

Apr.  !) 

May  e 

May  8 

Apr'iii" 


Miir.   12 

Mar.     4 
Apr.   2.1 


Washington— Con. 

LapuBh 

Neiih  Bay 

Olympia 

Port  Angeles... 

Spokane  Falls  . . 

Tatoosh  Island.. 

Vancouver  Bar. 
racks 

\^aHa  Walla-.. 

Watervllle 

West  Virginia: 

Ella 

Mount  Alto 

Ooeana 

Parkersburg  ... 

Pleasant  Hfll... 

Tannorv 

Tyler  Creek..,. 
Wisconsin : 

Butternut 

Cadiz 

Embarrass 

Pond  du  Lac 

Grftnlsburg 

Green  Bay 

Greenwood 

Hayward.- 

Honey  Creek  . . . 

Ithaca-- 

Koepenick 

Iji  Crosse  ..."... 

Lincoln  

Mad  [son 

Manitowoc 

Milwaukee 

Nelllsville 

Oshkosh _. 

Plover 

PeBhtigo 

Wacousta 

Wvomfng: 

Oamp  Pilot 
Butte 

Camp  Sheridan. 

Cheyenne  

Port  Bridger  -,. 

Port  D.  A.  Hus- 
Boli 

Fort  Pi'Mcrman. 

Port  M<;Kmney.; 

Port  Washakie  . 

r.iLsk I 


Oct.  27 
Oct.  28 
Nov.  1 
Oct.    27 


Sept.  IG 
Sept.  23 
Sept.  20 
Sept.  28 
Sqpt.  13 
Sept.  20 
Aug.  2;i 
Sept.  18 
Sept.  17 
Sept.  23 
Sept.  1ft 
Sept.  27 
Oct.  :W) 
Oct.  27 
Sept.  28 
Oct.  20 
Sept.  13 
Oct.  20 
Sept.  10 

"sepV.'ia 


Aug.  24 
Sept.  'i 
Sept.  8 
St..pt.    7 


S.'pt.  12 
S..-pt.  7 
Si.pt.  11 
Sopt.    7 


Apr.  3 

May  t> 

Apr.  23 

May  9 

Mar.  27 

Apr.  a) 

May  9 


Apr.  R 
May  17 
Apr.  2U 

Mav     7 


Mav 

4 

Hay 

May 

•£t 

June 

May    17 

.Tune 

.■> 

Mav 

HI 

Mftv 

11 

May 

u 

Mav 

n 

Mat 

in 

Mav 

IW 

Juno  1(1 
May' "22 

May  2(i 

Mav  U 

Mav  23 

.May  lil 


APPENDIX  17. 
INTEBNATIONAL  PBESSUBE  AND  8T0BM  CHABT8. 

By  A.  W.  Greely, 
Brigadkr-Qeneral,  Chief  Signal  Officer ^  U.  S.  Army, 

In  pursuance  of  a  plan  of  corporation  agreed  on  and  recommended  by  thercp- 
resentativeB  of  the  various  nations  conRtituting  the  Vienna  Meteorological  Con* 
nesB  of  September,  1873,  the  work  of  inaugurating  a  system  of  international 
daily  simultaneous  meteorological  observations  was  begun  by  Col.  and  Bvt. 
Brig.  Gen.  Albert  J.  Myer,  Chief  Signal  Officer  of  the  TJnitcd  States  Army,  in 
the  iall  of  1873. 

Under  the  agreement  entei-ed  into  by  Gen.  Myer  at  Vienna,  the  United  States 
assumed  the  entire  expense  connecte'd  with  this  international  work,  and  the 
office  staff  and  force  of  the  Signal  Service  were  charged  with  the  task  of  pre- 
paring the  observations  for  publioation  on  a  uniform  plan  and  in  both  English 
and  metric  measures. 

On  July  1, 1875,  the  daily  issue  of  a  printed  bulletin,  wherein  were  incorpo- 
rated the  international  simultaneous  meteorological  observations,  was  commenced 
at  the  office  of  the  Chief  Signal  Officer  of  the  Army,  and  a  copy  of  it  was  regu- 
larly furnished  to  each  co()perating  observer  and  to  the  important  scientificln- 
stitutions.  By  November  1. 1875,  the  number  of  simultaneous  reports  received 
from  stations  outside  of  the  United  States  had  reached  two  hundred  and  sixty- 
eieht. 

The  work  thus  commenced  rapidly  developed,  and  pi*oved  the  most  gigantic. 
Important,  and  successful  undertak*ing  in  the  history  of  meteorology.  During 
thfrteen  years,  1875  to  1887,  inclusive,  the  land  observations  of  this  service  cov- 
ered the  countries  of  almost  the  entire  Northern  Hemisphere  and  a  part  of  the 
Southern  Hemisphere,  reports  were  received  from  regular  naval  and  merchant 
marine  vessels  of  the  principal  countries  of  the  Northern  Hemisphere,  and  over 
150,000  monthly  reports,  representing  upward  of  5,000,000  daily  simultaneous  ob- 
servations, were  received  at  the  office  of  the  Chief  Signal  Officer  at  Washington 
City. 

The  co()peration  of  the  United  States  Navy  commenced  in  1877,  in  accordance 
with  a  general  order  of  the  Secretary  of  the  Navy  dated  December  25,  1876,  and 
the  example  of  this  country  was  spotdily  followed  by  other  nations. 

Observations  were  received  from  a  nuinlx»r  of  vessels  of  the  niorcliant  marine 
during  1877,  and  substandard  baromottTS  for  comparinji^  and  correcting  ships' 
barometers  wore  placed  in  the  Maritime  Exohan;?e,  New  York  City,  and  in  the 
Merchants*  Exchange,  San  Francisco,  Cal.  In  the  case  of  maritime  observers 
the  United  States  was  to  the  exi)onso  of  forms,  stationery,  posta;;o,  and  in  many 
instances  also  furnished  instruments. 

Through  the  cooperation  of  the  navies  of  Great  Britain,  France,  Sweden,  Italy, 
and  Portugal,  and  of  a  numl>3r  of  the  great  steamship  companies,  foreign  and  do- 
mestic, and  also  of  the  *'  New  York  Herald  Weather  Service,"  the  number  of  ves- 
sels roxwrting  was  increased  to  over  ino  by  18«2.  In  this  year  marine  agencies 
for  the  collection  of  vessel  reports  and  the  comparison  of  "instruments  were  es- 
tablished at  the  principal  seaports  of  tlio  Atlantic  coast,  and  a  considerable  num- 
ber of  instruments  for  taking  observations  were  issued  to  vessels  of  tlio  United 
States  Navy  and  to  ca])t4iins  of  vessels  of  the  merchant  marine  en*|ragt.'d  in  llie 
work.  As  a  result  of  the  establishment  of  the  marine  ajjencies,  the  number  of 
vessels  furnishing  daily  simultaneous  observations  ra]»idly  increased,  and  at  tin* 
close  of  18S7,whcn  this  branch  of  the  service  was  tran^-ferred  to  the  I  lydrojrraphic 
Office,  Navy  Department,  reports  were  received  from  nearly  tion  vessels. 

On  July  1,187^,80  extended  and  elTeclual  \vastlu.»co(")iH»ration()f  other  countries 
that  it  became  possi])le,  for  the  Chief  Sij^^nal  Otticer  to  commence  tlnj  issue  of  a 
series  of  daily  international  weather  chai'ts  for  issue  to  the  coi*)]»ei"atiii«j  observers 
and  gratuitous  distribution  to  sci«mtilic  institutions  tlii'on;.'-lio\it  the  world.  The 
map  from  the  first  issue  ])resent«.'d  in  ^n-a])hic  form  weather  data  for  tlu;  whole 
of  tlio  northern  hemisphere.  The  ])rei)araiioii  of  these  maj)s  nuiv  lx>  charat:ter- 
ized  as  a  visible  step  in  the  ])i-o£rr<?ss  of  eivilization.  since  it  exliihited  for  tlio 
first  time  in  history  the  material  proof  of  an  rarn«."St  and  prac^tical  cor>i)eration, 
devoid  of  distrust  or  jealousy,  of  all  civilized  powers  of  the  Northern  Hemisphere. 

Ti7 
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The  study  of  these  charts  led  at  once  to  the  consideration  of  such  questions  as 
those  of  storm  translation  fix)m  continent,  of  the  general  movements  of  the  at- 
mosphere as  illustrated  both  by  the  x^revailing  winds  and  annual  march  of  baro- 
metric pressure,  and  of  many  others.  It  thus  resulted  that  the  Gharting  of  storm 
tracks  over  the  whole  of  the  Northern  Hemisphere  was  soon  after  oommenoed 
and  issued  for  each  month,  and  still  later  the  series  of  monthly  storm-tracks  was 
extended  backward  to  include  January,  1877. 

The  number  of  foi*eign  land  stations  eventually  increased  to  a  total  of  459. 
which  with  the  maritime  and  polar  stations  made  about  1.100  stations  outside  of 
the  United  States  from  which  simultaneous  meteorological  observations  were  at 
scmic  time  made  and  regularly  transmitted  to  the  Chief  Signal  Officer  of  the 
Ariny.  It  is  the  iirst  instance  in  which  any  considerable  number  of  nations 
united  to  undertake  in  the  interest  of  science  alone,  a  work  requiring  oontanuous 
application  on  a  magnificent  scale.  The  following-named  countries  cooperated 
durinjr  a  part  or  the  whole  of  the  period,  1875  to  1887:  Algeria,  Australia,  Aus- 
tria-Hungary, Belgium.  Brazil.  GreatBritain,  Canada,  Cape  Colony,  Chile,  China, 
Costa  Kica,  Denmark,  Egypt,  France,  Germany,  Greece,  Hawaiian  Islands,  India, 
Italy,  .Japan,  Mauritius,  Mexico,  The  Netherlands,  Norway,  Russia,  Scotland. 
Spain,  Sweden,  Switzerland,  and  Turkey.  In  addition  to  the  reports  furnished 
by  the  regular  services  of  the  several  countries  observations  were  made  and  for- 
warded from  Newfoundland,  Cuba,  Jamaica,  Bermuda,  and  other  islands  of  the 
North  Atlantic  Ocean,  Central  America,  northern  South  Ameriea,  Bering 
Island,  the  Aleutian  Islands,  Greenland,  and  Iceland. 

At  a  meteorological  congress  held  in  Home,  Italy,  in  Apnl^  1879,  the  work  of 
Miter  national  observations  was  encouraged;  and  the  publications  of  the  United 
States  Signal  Service  were  mentioned  as  models  of  work  to  be  desired  in  Europe. 
By  resolutions  of  the  meteorological  congresses  at  Hamburg,  in  1879,  and  at 
St.  Pet<.'rsburg.  1881,  details  for  the  establishment  of  polar  stations  were  ar- 
ranged, and  it  was  definitely  understood  that  the  series  of  polar  observations 
siiould  begin  August  1, 1882.  One  of  the  United  States  expeditions,  under  the 
command  of  First  Lieut.  A.  W.  Greely,  Fifth  Cavaliy,  Acting  Signal  CMBoer 
and  Assistant,  sailed  fi*om  St.  John,  Newfoundland,  July  7, 1^1,  and  reached 
Lady  Franklin  Bay  August  11,  1881  ;  the  other,  under  the  command  of  First 
Liout.  P.  H.  Bay.  Eighth  Infantry,  Acting  Slp^nal  Officer,  sailed  from  San  Fran- 
cisco, Cal.,  July  18,  18S1,  and  arrived  at  Pomt  Barrow,  Alaska,  September  8. 
IS><1.  International  polar  stations  were  also  established  as  follows:  By  Austria- 
Hungary,  at  Jan  Mayen :  by  Denmark,  at  Godthaab;  by  Finland  at  Siodalynln: 
by  France,  at  Orange  Bay  J  Cape  Horn;  by  Germany,  at  Kingaws  Fiord  ,'Cum- 
Ijcrland  Sound,  and  at  Royal  Bay,  S.  Georgian  Islands:  by  Great  Britain  and 
Canada,  at  Fort  Kae,  British  America;  by  Holland,  at  Dicksonhaven ;  by  Nor- 
way, at  Bossekop ;  by  Russia,  at  the  Lena  Delta  and  Nova  Zcmbla ;  and  by  Sweden, 
at  Spitzbergen. 

The  international  publications  of  the  Signal  Service,  which  commenced  with 
tlio  n-gulai*  issue  of  the  Daily  Bulletin  of  Simultaneous  Observations  in  July, 
IST"!.  embody  data  whose  value  cannot  be  overestimated.  The  network  of  sta- 
tions which  covered  the  Northern  Hemisphere  for  a  period  of  years  furni^ed  a 
vast  number  of  reliable  n1)servations,  the  study  of  wnich  has  in  no  small  meaa- 


upon 
menced  and  discontinued : 


Name  of  publication. 


Date  commenced. 


July  1,1875 

Januarv,  1ST7 


DiiilvHiiUetin  of  Simultaneous  Observa- 
nt ions. 

Monthly  Mt/au  Charts  of  Pivssuro  and 
Toinponitniv  nf  Northern  llcnii^i)hi  it».' 

Stoi'in-lrack  C.-hai*ts  of  Xortlirrn  Ht-mis-     Nov(?mber,  1877  . 
]»ln-rt».  , 

Daily  hiternational  Mji|»s Julv  1,1878 

Do    j  Oct olxM- 1,1886.. 

'M(jnthl;,-Sumniury  and  iJeview =  July,  ISSO 

Montliiy  Summary ;  Junuurv,  1888 


Date  discontinued. 


June  30, 1884. 

December,  1887. 

December,  1887. 

June  30. 1884. 
December  31. 1887. 
Deooraber,  1887. 
June.  1880. 


•  I'rlor  lo  l^U  t\v.s  *iu\»ivic*u  "si^aia  cTSi\)o<VVfc^Va\\\ft  Monthly  Weather  Review. 
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With  the  virtual  discontinuanoe  of  international  work  in  188S,  the  Chief  Sig- 
nal Officer  ordered  the  prejMLration  of  a  monthly  summary  of  observations  show- 
iqff  for  each  station  of  the  international  series  the  means  of  ten  years  (1878  to 
18o7,  inclusive)  observations.  This  summary  was  prepared,  together  with  charts 
Nob.  1  to  12,  showing  the  mean  monthly  pressure  and  prevailing  wind  over  the 
Northern  Hemisphere,  under  the  personal  direction  of  Mr.  Edward  B.  Garriott, 
formerly  of  the  Sigrnal  Corps.  Additional  charts  (Nos.  13  to  24)  wero  prepared 
showing  the  normal  pressure,  changes  from  month  to  month  over  the  Northern 
Hemisphere,  and  a  chart  (No.  25)  showing  in  figui*es  the  entire  number  of  storm- 
centers  which  passed  in  ten  years  over  each  square  of  5^.  and  by  lines  of  most 
frequent  tracks  of  such  storms. 

These  publications  and  charts  are  liascd  upon  an  unparalleled  series  of  obser- 
servations;  they  represent  graphically  the  labor  of  meteorologists  throughout 
the  civilized  world  for  a  period  of  thirteen  yoai*s ;  they  arc  unique  in  the  annals 
of  meteorology;  and  their  proper  pi-esentation,  rendered  impracticable  hereto- 
fore owing  to  insufficient  luucis,  in  alone  needed  to  class  them  with  the  most 
treasured  products  of  modern  meteorology. 

On  assuming  charge  of  the  duties  i)ortaining  to  this  work,  in  January,  1887,  thv 
present  Chief  Signal  Officer  found  many  difficulties  besetting  the  continuance  of 
this  important  but  very  extensive  work.  The  issue  of  the  daily  international 
charts  had  long  since  been  practically  abandoned,  owing  to  lack  of  sufficient  means 
to  continue  their  publication  on  the  scale  and  in  the  manner  which  had  obtained 
for  some  years  previous.  Further,  the  observations  from  (roOjK' rating  countries 
were  in  some  instances  so  long  delayed  that  the  plan  of  publishing  the  data  just 
one  year  in  arrears  was  impracticaible  unless  largo  areas  wero  left  blank  on  th<i 
maps.  By  adopting  some  new  methods,  the  present  Chief  Signal  Officer  was  able 
to  resume  the  proparation  and  publication  of  daily  maps  and  monthly  bulletins 
for  a  considerable  portion  of  the  arears  in  addition  to  keeping  up  the  current  pu}>- 
lications.  The  dolavs  on  the  part  of  some  co5perating  countries  con  tinned,  how- 
over,  and  after  careful  consideration  of  the  question  it  seemed  advisable  to  dis- 
continue the  daily  maps  and  the  Monthly  Review,  but  still  continue  the  publica- 
tion of  the  Monthly  Summary  of  such  observations  as  might  roach  the  office  of 
the  Chief  Signal  Officer  withm  twelve  months  after  the  date  of  observations. 
This  plan  went  into  operation  on  January  1 ,  1889,  and  has  been  continued  to  date. 

MONTHLY  PRESSURE  CHARTS. 

Charts  Nos.  1  to  12  graphically  indicate  for  each  month  of  the  year  the  mean 
bai'ometric pressure  and  prevailing  winds  for  noon,  Greenwich  time,  a*?  determined 
from  the  international  simultaneous  meteorological  observations  fmm  1S78  to 
1887.  In  addition,  the  international  simultaneous  observations  have  Ix^en  supple- 
mented by  data  at  points  where  such  observations  have  never  been  made,  or  have 
been  taken  for  brief  periods  of  time.  Many  of  these  nonsimultaneous  observa- 
tions are  at  points  in  the  Arctic  regions,  occupied  either  in  carrying  out  the  pi'o- 
grammeof  international  polarexixiiiitions,  or  in  connection  with  voyages  of  explo- 
ration or  search.  The  greater  part  of  the  observations  on  which  these  charts 
dex)end,  however,  are  those  of  the  simultaneous  si'heme,  and  the  accompanying 
means,  page  760  et  »cq„  are  for  a  period  of  10  years. 

The  collation,  reduction,  and  final  preparation  of  the  detailed  data  for  the  nvp- 
arato  months  from  January,  187S,  to  Decenil)er,  1887,  on  which  these  mean  charts 
ultimately  depend,  wei'c  performed  almost  entirely  under  the  direction  and  su- 

Servision  of  Prof.  Cleveland  Ablw,  Maj.  IT.  II.  V,  Dunwoody,  Signal  Corps:  C'apt. 
ohn  P.Story,  Fourth  Artillery ;  Capt.  Ilobert  Craig, Signal  Corps,  and  the  pres- 
ent Chief  Signal  Officer  while  serving  as  a  subaltern.  In  addition  to  these  should 
bo  mentioned  the  valuable  work  done  by  the  chief  clerks.  Messrs.  Theodore 
Smith,  J.  B,  Walton,  Georgci  A.  Warren, Vnd  Edward  B.  (Jarriott,  all  formerly 
observer  sergeants  of  the  Signal  Corps,  who  very  materially  aided  not  only  in 
the  collection  of  the  data,  but  also  in  the  drawing  of  isometric*  lines  and  discus- 
sion of  the  subject  in  hand. 

The  charts  of  mean  pressures  and  i)ro  vailing  winds  are  particularly  valuable 
with  reference  to  the  North  Atlanlie;  and  no  doubt  exists  that  the  average 
meteorological  condition  of  this  most  important  of  ocean  highways  have  l)een  de- 
termined with  an  accuracy  approximating  that  of  equal  land  areas  in  America  or 
Asia.  These  data  are  of  great  and  almost  indis]K'nsHble  value  to  scni  eaptain.*^ 
traversing  the  North  Atlantic. 

With  reference  to  continental  areas,  the  data  are  not  as  full  a.s  that  used  in 
prejMuing  local  ohai'ts,  consequently  the  same  amount  of  labor  and  consideration 
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has  not  been  given  to  land  data  as  to  that  for  the  ocean.  The  pressure  observa- 
tions beings  simultaneous,  it  results  that  they  ai*e  made  at  some  places  at  the 
hour  of  the  daily  maximum  and  at  others  during  the  prevalence  of  the  minimuxn. 
In  consequence,  these  means  of  Greenwich  noon  are  not  directly  comparable 
with  the  mean  pressure  of  the  entire  day,  which  usually  serve  as  a  basis  for 
charts  of  these  phenomena. 

1'hc  main  value,  apart  from  that  already  referred  to,  is  the  furnishing  of  a 
standard  or  normal  chart  for  each  month,  with  which  the  months  of  abnormal 
pressure  can  be  comi)ared.  By  such  analytical  study  can  be  determined  the 
ofTects  on  other  concuiTcnt  or  ensuing  meteorological  conditions  i*esultlng  from 
an  unusual  distribution  of  pressure  in  any  month  or  season. 

NOKMAL  PRESSURE  CHANGES  FROM  MONTH  TO  MONTH. 

On  charts  Nus.  13  to  24  are  shown  the  mean  changes  which  take  place  from 
one  month  to  another  in  the  barometric  pressure  over  the  northern  hemisphere. 
In  the  preparation  of  those  maps  the  readings  of  the  barometer  reduced  for  in- 
strumentiil  error  and  to  tlie  stiindard  tomiwrature  of  32-'  have  been  used.  In  thi^ 
manner  it  has  U'on  ))ossiblo  to  use  some  isolated  and  imixirtant  data,  such  as 
thai  of  Fort  Rac  in  Xorth  America,  and  at  stations  of  unknown  elevation  in  the 
interior  of  Sibi.*ria.  A  ny  d  iseropancics  as  between  changes  of  reduced  barometric 
])ressure  for  tli<i  wune  period  must  Ixj  slight  and  unimportant  excx»pt  at  stations 
of  considerable  altitude  above  the  sea. 

The  Chief  Signal  Ottircr  has  several  times  expressed  his  belief  in  the  impor^ 
tanco  which  must  <!vrntually  attach  to  the  annual  barometric  lluctuations,aiid  is 
confident  that  a  canjful  study  will  reveal  their  intimate  connection  with  the  prev- 
alent tyi>es  of  woatlHTor  climate,  so  that  abnormal  departures  in  eertam  re- 
gions will  Ixi  rocogniz(.*d  as  dominating  factors  in  producing  later  in  the  season 
abnormal  wi^ather  conditions  in  other  and  quite  distant  6«*ctinns  of  the  world. 

The  fact  that  disshuilar  typos  of  atmos])heric  fluctuations  obtained  during 
the  year  in  dilTon'ut  parts  of'the  world  was  forced  on  the  attention  of  the  Chief 
Signal  Officer  while  serving  at  Fort  Conger,  Grinnell  Land,  in  1882,  when  he 
determined  by  observation  and  comparative  study  that  a  very  marked  type  of 
annual  atmo.spherie  Ihictuation  obtained  in  Arctic  America,  with  its  primary  max- 
imum in  A])ril.  its  M'condary  maximum  in  November,  and  the  ju'imary  and  sec- 
ondary miniuunn  in  .Tuly  and  January,  respoclivcly. 

Jjater,a  brief  iiieuiiiiron  these  questions  was  read  before  the  National  Academy 
of  Sciences  in  T^s").  and  the  substance  thereof  incorporated  in  the  official  report 
of  the  Lady  Franklin  Bay  lOxpedition  the  same  year. 

it  n«?eds  only  a  easiiul  exummation  of  these  change  charts  to  convince  the  stu- 
dent that  the  old  i(l«jii  of  the  air  simply  flowing  from  land  to  s  »a  in  summer  and 
from  sea  to  land  in  wintoi*  can  no  longer  bo  received,  even  as  a  general  state- 
ment of  the  coni])lox  atniosnlieric changes  which  occur  during  the  year  in  various 
parts  of  the  worfd. 

During  Januaiy,  for  instance,  it  is  to  be  seen  that  the  pressure  increases  over 
the  South  Atlantic  Oc<'an,  ])ut  it  decreases  very  materially  over  the  North  At- 
lantic, Ix.'twtM-n  Portugal  and  the  Ilriti^h  Isles  on  the  east  and  Newfoundland 
and  G reonland  on  the  west .  During  th is  time  the  pressures  increase  verv  largely 
over  10uroi)e  to  the  west  and  nortlniastern  Asia  to  the  east,  while  over  the  inter- 
mediate region  is  to  be  noted  a  decided  decrease  from  India  northward  to  the 
Arctic  Ocean. 

i'roui  January  to  February  is  S(^en.  it  is  true,  a  slight  increase  over  the  regions 
of  the  South  Atlantic,  near  the  Azores,  but  there  occurs  at  the  same  time  a  very 
dei.'idod  decrease  over  far  the  greater  ])art  of  the  North  Atlantic.  In  the  mean 
time  the  whole  of  Arctic  Amoi'iea  aiul  the  leering  Sea  region  experience  a  large- 
increase. 

From  February  U)  -Mareh  the  Southeastern  Atlantic  shows  a  marked  falling  off 
in  its  i»r»\^sui-e.  whih^  the  northern  portions  between  the  British  Isles  and  Green- 
land and  Arctic  America  pnrsent  diauietrically  opjiosite  changes.  Similar  but 
somewhat  le^^s  marked  changes  also  oeeur  over'these  same  regions  from  March 
to  April. 

From  April  to  May.  if  wr  note  the  very  rapid  rise  in  the  pressure  of  the  Cen- 
tral Atlantie,  it  is  al.M)  found  extending  over  the  greater  part  of  Europe.  Prom 
.[»me  to  ,Iu!\  tlii.»  j)i-esNuri^  increases  over  tli«'  South  Atlantic,  it  is  true,  but  Itde- 
ei-eas«'.-«  in  a  lariTf  ratio  over  the  extreme  Xorth  Atlantic.  It  is  evident,  also, 
that  the  ]>ressuro  deeroase>  over  Arctic  Ameriea.  but  it  increases  over  the  greater 
part  of  the  United  States.    From  July  to  August  the  pressui*e  gives  way  over 
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the  Atlantic  and  Europe,  but  over  the  greater  part  of  the  United  States  and  in 
Asia  aqd  the  adiacent  seas  it  inci*cases  quite  decidedly.    Similar  changes  dls- 
oordant,  according  to  the  old  theory,  may  be  noted  in  the  other  months. 
The  annual  fluctuations  of  atmospheric  pressure  may  be  classified  under  two 

f general  divisions  or  tvpes,  the  llrst  of  which  is  oxpressod  by  a  curve  with  a  sinelo 
nflection,  while  the  last  is  in  the  form  of  a  curve  with  two  inflections  or  benas. 
The  single-inflection  curve  fluctuations  arc  most  general,  while  the  double-inflec- 
tion curve  in  the  northern  hemisphere  obtains  in  the  polar  or  subpolar  regions, 
in  Euixme,  northern  Africa,  and  over  a  part  of  the  Atlantic  Ocean.  These  annual 
atmospheric  waves,  with  their  crests  and  troughs,  must  move  over  the  northern 
hemisphere  somewhat  in  the  same  manner  as  the  waves  of  high  x)ressure,  known 
as  cold  waves,  move  throughout  the  winter  months  from  the  interior  of  the 
American  continent  to  the  Atlantic  seaboard.  Doubtless,  too,  one  simple  law, 
dependent  to  greater  or  less  extent  on  the  relative  ])OHitions  of  the  earth  and  sun, 
underlies  this  annual  fluctuation;  but  barometric  data  now  available  have  not  yet 
been  sufficientiv  analyzed  to  ])ermit  any  simple  expression  of  this  law^ 

This  annual  fluctuation  of  the  atmospheric  pressure  is  a  diflloult  problem  which 
has  not  vet  been  fully  solved  for  the  entire  northern  hemisphere.  Personal  in- 
vestigations made  by  the  Chief  Signal  Otticer  show  it  to  be  more  than  probable 
that  the  maximum  pressure  occurs  for  the  year  over  British  America  and  part  of 
Greenland  in  April,  and  that  it  moves  slowly  southeastward,  covering  Iceland, 
Norway,  and  Sweden,  and  the  northern  nortion  of  the  British  Isles  in  May.  The 
movement  of  tiiis  air  farther  southwara  across  Europe  and  Africa  is  marked  by 
a  secondary  maximum  in  June  and  July,  while  the  maximum  for  central  Africa 
apparently  occurs  in  August,  This  indicates  that  at  least  a  part  of  these  maxima 
pressures  are  due  to  a  movement  southeastward  of  cold  air,  chilled  by  the  radi- 
ation of  the  long  wolar  night  of  high  latitudes.  A  secondary  maximum  in  No- 
vember covei's  tne  greater  part  of  the  arctic  zone,  whence,  the  air  moving 
southward,  gives  a  primary  maxinium  over  Europe  and  the  greater  jwrtlon  of 
India  in  I>ecember.  Tlu'  rest  of  Asia  has  a  well-marked  maximum  in  January 
and  February,  during  which  month  the  greatest  pressiu'O  also  obtains  over  the 
greater  portion  of  the  United  Stiitos,  northern  Africa  and  the  Atlantic  Ocean. 
The  principal  minimum  occurs  over  Asia  in  July,  excepting  in  thegixjaterpartof 
India,  where  it  obtains  in  June.  Tin;  principal  minimum  of  April  covers  the 
United  States,  the  x\tlantic  Ocean,  and  the  Mediterranean  Sea,  and  adjacent  re- 
gions between  the  thirtieth  and  fortieth  parallels  of  latitude. 

The  curve  showing  the  annual  oscillations  at  Fort  Conger  coincides  closely 
and  regularly  with  the  observations  of  the  manj'  expeditions  in  Arctic  America 
since  the  commencement  of  this  century.  This  marked  double  oscillation  doubt- 
less obtains  annually  at  the  north  geographical  pole,  and  hence  is  styled  the 
polar  tyjx;.  A  principal  maximum  in  April  gives  away  rapidly  to  the  primary 
minimum  in  July,  followed  by  a  well-maikod  and  complete  secondary  wave,  the 
crest  of  which  api)ears  in  Novemlx-r  and  tlie  trough  in  January. 

A  second  type,  called  the  American,  a  single  annual  curve,  obtains  in  America 
and  in  parts  of  Europe,  and  over  the  Mt^diti?rranean,  where,  however,  it  is  more 
or  less  modified  by  the  grand  polar  type.  In  tlie  Americran  type  the  single 
maximum  of  January  rapidly  gives  way  to  a  strongly  marked  depression  in  April, 
iUi  recovery  to  the  January  maximum  Ixiing  slow  but  substantially  uninterrupted. 

The  third  type  is  called  the  Asiatic,  and,  like  the  American,  consists  of  a  sin- 
gle annual  wave.  Th<;  crest  covers  Indiaand  the  valley  of  the  Yenisei  in  Decem- 
Tjcr,  but  it  is  not  simultaneous  for  all  Asia,  as  the  wave  'moves  eastward,  reaching 
the  Pacific  coast  and  the  extreme  southeastern  part  of  Asia  in  February.  The 
minimum  pressure  of  the  Asiatic  typ(?  obtains  in  July  H^r  the  greater"  part  of 
that  continent,  a  .^though  in  Southern  India  it  prevails  a  month  earlier. 

The  observations  at  Honolulu.  Hawaii,  in  eonnei^tion  with  those  of  the  Aleu- 
tian ArchiiJclago.  seem  to  indicate  a  fourili  type.  In  this  typ^^  also  a  single  wave, 
the  May  maximum  wanes  st4.«adily  to  a  January  miniiuunrover  those  i)ortions  of 
the  North  Pacifie  <  )eean  where  it  is  not  etmiplieated  hy  the  advance  of  the  Asi- 
atic wave  ea.stwanl  in  February.  \Vhil»*  th«*  inaximuiu  of  the  Atlantic  occurs 
generally  in  July,  as  over  parlof  the  l*aeiiie,yet  it>  niaxinumi  in  middle  latitudes, 
as  shown  by  Bermuda  and  Dtilgada, obtain^  in  April  a**  in  the  rnit«»d  States, and 
the  influence  of  the  polar  M?eondary  wave  apjieui-s  at  both  statl()n^  in  the  tend- 
ency to  a  8t?condary  cui've  with  minfmuni  in  ( )etolK.T  and  nuiximum  in  February. 

While  the  Hfiovements  of  the  atmospheri<*  pressure  from  month  to  month,  as 
here  outlined,  ai)j)ear  to  Im?  lH.)rneoiit  by  the  international  simultaneoiis  observa- 
tions for  the  )>ast  ton  years,  yet  it  must  be  admitted  that  more  observations,  es- 
pecially in  lower  latitudes  and  over  the  Pacific  (^cean,  are  Qocossary  to  dotormiiie 
now  far  these  changes  are  regular  and  periodic. 
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STORM  FREQUENCY  IN  THE  NORTHERN  HEMISFHEBE. 

The  accompanying  chart,  No.  25,  shows  the  storm  frequency  of  the  nftrthsm 
hemisphere  as  deducted  from  the  international  simultaneous  obseryatioiiB.  The 
reproduction  of  the  storm  tracts  as  published  in  the  monthly  charts,  put  forth 
under  the  direction  of  the  Chief  Signal  Ofiflcer  of  the  Army,  would  simply  place 
)>efore  the  student  a  mass  of  confused  and  often  Indeterminate  lines,  which  would 
leave  everything  wanting  on  the  score  of  clearness — a  literary  quality  quite  es^ 
sontial  in  graphic  meteorology.  It  occurred  to  the  Chief  Signal  Officer  that  the 
clearest  method  would  bo  to  enter  in  each  five-degree  square  the  entire  number 
of  storms  whose  centers  had  passed  through  the  I'esiJcctive  squares.  Only  the 
annual  map  is  reproduced,  but  fi'om  the  accompanying  data  can  be  readily  con- 
structed the  maps  for  the  separate  months.  The  charts  for  the  months  of  great- 
est and  least  storm  frequency  (August  and  December,  respectively)  have  been 
published  elsewhere.  It  must  not  be  understood  that  these  maps  represent  with 
absolute  accuracy  the  presence  and  passage  of  all  storms  which  have  occurred 
during  the  years'  in  question.  !Many  storms  doubtless  have  escaped  observation, 
especially  in  the  equatorial  regions  of  the  Atlantic  and  over  such  parts  of  the 
Pacific  as  are  remote  from  the  steamer  routes  or  the  coasts  of  Asia  and  America. 

Again,  there  have  l.>een  many  storms  of  such  slight  intensity  or  of  such  brief 
duration  as  prevented  their  courses  from  being  determined  from  the  daily  intei^ 
national  observations  on  which  these  charts  rest  as  a  basis.  It  should  Alif^  be 
}x)rnc  in  mind  that  in  the  early  years  of  the  international  scheme  the  stations, 
especially  the  imjwrtant  movmg  stations  on  shipboard,  reporting  for  this  pui-- 
pose,  were  few  in  number,  and  sometimes  observations  wore  had  from  such  un- 
i-ellable  instruments  as  made  their  reports  unsafe  authority  for  storm  charting. 
Despite  these  defects,  which  ai'c  recognized  and  deplored  as  fully  in  the  Signal 
Office  as  elsewhere,  these  chart*  have  a  value  which  render  them  worthy  wi-c- 
pi'oduction  at  this  time  when  the  United  States  Army,  relieved  from  its  offi- 
cial connection  with  this  work,  finds  it  necessary  to  sum  up  the  results  of  its  ef- 
forts in  the  interest  of  international  meteorology. 

The  following  persons  have  been  actively  connected  with  the  preparation  and 
discussion  of  the  detailed  storm  charts,  on  which  depend  the  accuracy  and 
rompleteness  of  the  annual  chart  herewith  presented  :  Maj.  H.H.C.  Dunwoodv, 
Signal  Corps;  Capt.  John  P.  Story,  Fourth  Artille^;  Capt.  Robert  Craig! 
Signal  Cori^s ;  Prof.  Cleveland  Abbe ;  Fii-st  Lieut.  J.  P.  Finley,  Xlneteenth  In- 
fantry (formerly  sergeant,  Signal  Corps) ;  Mr.  J.  P.  Walton  (formerly  sergeant, 
Signal  Cor])s) :  Mr.  E.  B.  Garriott  (formerly  sergeant,  Signal  Corps) :  and  the 
l)resent  Chief  Signal  Offic<?r  while  serving  as  a  subaltern. 

Inuring  the  years  1878-1885,  inclusive,  on  the  basis  of  unity  or  represented  by 
the  existence  of  a  storm  in  a  live-degree  square,  storm  conditions  occurred 42,719 
limes  over  the  northern  hemisphere.  Through  the  year  the  distribution  by 
months  was  as  follows : 

.January 3,997  April 3,075  July 2,823  October 3,778 

February 3,580  May 3,340  August 2,925  November      3,902 

March 4,190  .June 2,780  September  ..  3,437  December- ..  4,274 

The  distribution  in  the  two  great  ocean  regions  (Atlantic  from  the  one  hun- 
dred and  twentieth  parallel  west,  eastward  to  sixtieth  parrallel  east,  and  Pacific 
from  sixtieth  parallel  east  to  two  hundred  and  fortieth  parallel  east  of  Green- 
wich) is  as  follows: 


Months. 


.Tanuary.-- 
FebruaVy.. 

March 

April 

Mav 

.June 

.lulv 

• 

An«riist 

Sei)t4Mnbj.'r 
October  .. 
November. 
December . 


Atlantic 

Pacific 

storms. 

storms. 

3,389 

608 

3,055 

534 

3,451 

748 

2, 753 

922 

2, 489 

STil 

2,206 

o74 

2,224 

599 

2,324 

601 

2,  ft75 

762 

3,005 

I'-A 

3,170 

732 

3,564 
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Taking  the  Northern  Hemisphere  as  a  whole,  there  is  a  gradual  and  unbroken 
increase  in  storm  frequency  from  the  minimum  (considering  the  unequal  number 
of  days  in  the  separate  months)  in  July  to  the  maximum  in  December.  Thence- 
forward, except  an  increase  in  Mai^h,  the  decrease  is  regular  to  the  July  mini- 
mum. In  other  words,  the  great  number  of  Atlantic  storms  cause  its  type  of 
annual  distribution  to  dominate,  its  fluctuations  being  as  above. 

In  the  Pacific  region  it  is  to  be  noted,  however,  that  an  entirely  different  type 
prevails,  with  two  maxima  and  minima.  The  principal  minimum  of  February 
gives  way  rapidly  to  the  principal  maximum  in  April,  followed  with  uninter- 
rupted regularity  by  the  secondary  minimum  in  Jime  and  maximum  in  Septem- 
ber. 

A  notable  point  in  connection  with  storm  conditions  is  the  high  percentage 
of  frequency  in  the  vicinity  of  great  bodies  of  water  partly  inclosed,  such  as  the 
Davis  Straits,  Hudson  Bay,  the  Gulf  of  Mexico,  and  the  Great  Lakes  of  North 
America,  the  Baltic  Sea,  North  Sea,  Mediterranean  and  Black  seas  in  Europe, 
the  Caspiui  Sea,  China  Sea,  and  Sea  of  Kamshatka  in  Asia,  and  also  Bering  Sea 
and  Inoian  Odean.  The  only  important  exception  of  frequent  storm  develop- 
ment and  prevalence,  apart  from  contiguous  land  and  water  areas,  is  found  in 
North  America,  along  tne  eastern  slope  of  the  Rocky  Mountain  range  from 
Texas  to  Saskatchewan,  and  it  is  more  than  probable  that  these  conditions  arise 
from  the  contribution  of  aqueous  vapor  from  Hudson  Bay  to  the  north,  the 
Great  Lakes  to  the  east,  and  the  Gulf  of  Mexico  to  the  south. 

In  connection  with  the  distribution  of  storm  frequency  with  reference  to  the 
question  of  latitude,  it  occurred  to  the  Chief  Signal  Officer  as  possible  Uiat  the 
relative  mean  latitudes  of  storm  tracks  in  the  different  months  might  in  a  meas- 
ure depend  upon  the  position  of  the  sun,  and  that  storms  during  winter  might 
occur  m  a  lower  latitude  and  summer  storms  in  a  higher  latitude  than  the  aver- 
age. With  a  view  of  elucidating  this  point  there  was  selected  for  de tidied  ex- 
amination the  months  of  Deceml^r  and  August  as  being  respectivelv  the  months 
of  greatest  and  approximately  least  storm  frequency  in  the  Northern  Hemis- 
phere, and  as  representiug  the  seasons  during  which  the  sun's  position  reaches 
Uie  great  and  least  declination.  In  August  for  eight  years  there  were  2.698  storm 
cases  and  in  December  3,833.  A  detailed  examination  shows  that  in  August 
there  were  674  cases,  or  25  per  cent  of  all  storm  conditions  soutii  of  the  forty- 
fifth  parallel,  while  in  December  there  were  1,066  cases,  or  28  per  cent  of  all. 

At  the  time  of  this  writing  the  detailed  storm  data  for  the  month  of  least  f re- 

guency  (July)  were  not  accessible  to  the  Chief  Signal  Officer,  so  that  it  is  possi- 
le  the  southward  drift  is  more  pronounced  in  June  or  July  than  it  appears  to 
he  in  August. 

In  any  event,  the  above-detailed  data  for  December  in  comparison  with  that  for 
August  does  not  show  a  great  amoimt  of  southing  for  winter  storms.  It  may, 
however,  be  considered  that  the  southward  movement  of  winter  storms  with  the 
sun  is  more  decided  than  appears  at  first  thought,  especiallv  if  the  question  is 
treated  with  reference  to  storms  north  of  the  thirtieth  parallel,  thus  excluding 
the  hurricanes  of  the  West  Indies,  which  constitute  more  than  3  per  cent  of  aU 
August  storms  as  against  less  than  1  per  cent  in  the  same  latitudes  during  De- 
cember. 

With  a  view  of  separating  the  Pacific  and  Atlantic  storms,  which  occur  under 
somewhat  different  conditions  as  regards  distribution  of  land  and  water,  their 
frequency  has  been  calculated.  In  so  doin^  the  Pacific  region  includes  areas  be- 
tween the  sixtieth  and  two  hundred  and  fortieth  meridians  east  of  Greenwich, 
to  the  eastward,  while  the  rest  of  the  Northern  Hemisphere  is  assigned  to  the  At- 
lantic. 

The  following  table  shows,  for  each  5^  of  latitude  from  the  equator  to  the 
eightieth  parallel,  the  storm  frea  uency  for  August,  December,  and  the  year  over 
the  Northern  Hemisphere,  and  also  over  the  Pacific  and  Atlantic  areas  as  bounded 
above,  with  the  respective  percentages  pertaining  to  each  5^  of  latitude : 
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7 

378 

12 

37 

6 

4,364 

10 

♦iD 

70 

166 

8 

15 

3 

350 

11 

1 

0 

3,358 

8 

70 

75 

44 

0 

0 

95 

3 

0 

0 

991 

o 

a* 

75 

«)         0 

1 

0 

0 

0 

0 

0 

0 

0 

2 

0 

The  frequency  of  storm  conditions  increases  from  the  tenth  parallel,  between 
which  and  the  equator  storms  are  practically  unknown,  to  the  regions  situated 
Tictwccn  45^  and  50-^  north,  whence  the  decrease  northward  is  steadily  maintained, 
but  at  a  loss  ru])id  rate.  More  than  20  per  cent  of  storm  conditions  occur  be- 
tween 40'  and  60^  north,  and  (J4  jxir  cent,  or  nearly  two-thirds,  between 40^  and  6<P 
north.  I^ss  than  1  ])er  cent  is  noted  north  of  75^,  this  small  number  being  prob- 
ably due  to  lack  of  observations  in  such  high  latitudes. 

It  isi,  of  course,  to  bo  borne  in  mind  that  the  area  of  5=^  squares  diminishes 
materially  with  increased  latitude,  so  that  the  two  storms  having  tracks  of  equal 
l»>u^th  and  moving  in  similiar  compass  courses,  one  in  a  high  latitude  may  |>a88 
thruu^U  twi(*c  as  many  squares  as  the  second  near  the  equator.  It  is  a  well  known 
fact,  however,  that  storms  are  much  more  frequent  between  40^  and  6(K  north 
latitude  than  between  other  parallels,  so  that  it  has  not  been  thought  advisable 
to  jit tempt  corroctions  for  disproportionate  areas. 

It  will  bo  noticed  that  only  16  per  cent  of  the  August  Atlantic  storms  occtirred 
between  the  thirtieth  and  forty-fifth  parallels,  while  in  December  no  less  than 
20  p*»r  cpiit  an*  there  recorded.  Similarly,  of  the  Atlantic  storms  north  of  the 
fiftieth  ])arallel  there  were  58  i)er  rent  in  August  and  53  per  cent  in  December. 
Th«:t»*'  lijfures  indicate  a  southerly  drift  of  X\m  Atlantic  storms  during  the  winter 
months,  hut  the.  (luestion  is  left  scmiewhat  indeterminate  by  the  perct»ntages  for 
the  Paeilie  rejrion,  which  indioutes  a  slis^ht  movement  northwai-d  of  storm  frif- 
quriioy  in  l)ecem))er.  I'ossibly,  however,  this  movement  nuiy  bo  rather  seem- 
injr  thim  real,  as  the  I'aeific  storms  are  so  few  that  an  unusual  number  of  storms 
of  abnormal  ])ath  in  a  single  Ooeenilwr  or  August  would  affect  seriously  the  per- 
centages 

The  infrt.(|in'ncy  of  storms  south  of  the  tenth  parallel  is  a  notable  fact,  fully 
eonlirnied  by  tlu-i*  observations,  and  in  connection  with  the  heavy  rainfalls  and 
liir^'-t*  absolute  humidity  characteri>tic  of  the  equatorial  ivgion  indicates  clearly 
that  the  existcnc*.'  alnin.'  of  th«*SM  latt«'r  conditions  is  insufiielent  for  the develoi)- 
nient  of  storm.-. 

AuioiiL'"  the  siornir»  hii-.-  rei'onk'd  near  the  equator  may  be  mentioned  those  de- 
v«l('piiiirt(»theeust\viinlofo!'inth"(\uMbl)eiinSciiivgion?Septemberl.  1878.  about 
10  X.,«!u  \V.:  May:2.">.J^T!^  ahoiit  11  X.,7.".  \V.:  and  August  13th  and  16th,  lyj»>. 
?\vo>t(unis.  niip  (HI  thr  l:!th.  lO^nwi  1 1   X..  »>1   \V..iuid  the  other  on  thelGth.alx^ut 

j;:   xj;i    \v. 

N.;ai't]i.-  IM.ili]»nin.--niJiy  iir  n.eall.Ml  ihosi«of  .luly  13.  IS-StJ,  alxiirt  S-X,  12i>-E.: 
Novi-ni!)i.M-  II,  l^*^o,  al>nut  ^  N..  lot  K.:  XovfiiiKir,  ISSl.  two  storms,  one  on  the 
Tlh.  about  U  N..  rj")  i:..aii(l  (»n«!  n?i  \hv  liJith.  alKMit  S-  X.,  127-'  K.:  and  thatof 
1).MM. !,)]»!•  iTtli.  1^-ri.  ahont  l»    X..  12»)'  K. 

'.rin-  r«t|!o\vit\Lr  iaMt'<  iiidieato  first  thr  inuub.-r  of  storms  noted  during  the  year 
nn«l  in  <'ii'li  ni«»ritii  for  i.v«'ry  ."»  of  longitude;  and.  bceond,  the  decreases  and  lA- 
crca'?«j>  fi-(ini  luuuih  to  m<>nth: 
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Table  Showino  Number  of  Storms  Observed  on  Different  Meridians. 


Longi- 
tude. 

Jan. 

Feb. 

Mar. 
97 

Apr. 

May 

June 

July 

Aug. 
68 

Sep. 

Oct 

89 

Nov. 

j./ev« 
114 

2E— 

65 

71 

/6 

87 

73 

79 

90 

100 

7E-.- 

86 

66 

97 

89 

86 

70 

70 

79 

78 

106 

110 

119 

12  E... 

115 

84 

112 

88 

91 

81 

73 

88 

78 

108 

112 

131 

17  E... 

111 

90 

109 

103 

86 

77 

70 

75 

67 

111 

111 

122 

22  E... 

104 

84 

116 

87 

88 

88 

84 

74 

64 

97 

94 

147 

27  E... 

05 

77 

108 

88 

85 

68 

70 

66 

58 

84 

85 

110 

32E... 

90 

78 

102 

80 

76 

58 

66 

60 

57 

83 

78 

100 

37  E-- 

87 

71 

100 

63 

68 

54 

57 

54 

63 

72 

78 

81 

42E-.. 

68 

60 

65 

50 

62 

56 

44 

45 

42 

59 

72 

69 

47  E... 

56 

50 

60 

48 

57 

41 

33 

42 

42 

46 

56 

57 

52  E... 

44 

38 

46 

40 

32 

30 

24 

36 

40 

41 

42 

50 

57  E... 

38 

32 

39 

37 

30 

22 

20 

29 

30 

35 

32 

35 

62  E... 

22 

27 

29 

36 

22 

15 

18 

25 

23 

33 

25 

21 

67  E.-- 

16 

Z^ 

25 

27 

24 

16 

22 

22 

23 

21 

22 

16 

72  E-. 

11 

13 

18 

20 

24 

18 

25 

16 

21 

23 

17 

15 

77  E--. 

9 

12 

12 

22 

15 

26 

19 

21 

25 

19 

13 

82  E,.. 

8 

12 

10 

19 

21 

20 

30 

21 

27 

29 

27 

18 

87  E-. 

6 

6 

8 

20 

22 

22 

35 

30 

31 

22 

20 

10 

©2E-.. 

4 

8 

9 

18 

18 

4 

9 

10 

13 

17 

17 

8 

97  E... 

3 

5 

6 

11 

10 

3 

3 

2 

4 

8 

8 

7 

102  E.-. 

1 

4 

10 

17 

2 

3 

•> 

2 

8 

7 

0 

107  E... 

1 

2 

2 

6 

19 

4 

17 

8 

6 

19 

10 

1 

112  E... 

4 

6 

7 

23 

30 

22 

19 

12 

16 

Zi 

12 

3 

117  E.-- 

4 

9 

14 

40 

33 

37 

38 

32 

26 

25 

22 

11 

122  K... 

8 

9 

21 

46 

46 

40 

49 

57 

•  55 

2r> 

30 

13 

127  E... 

16 

12 

32 

47 

59 

44 

40 

52 

58 

23 

27 

15 

132  E... 

24 

25 

41 

60 

55 

47 

33 

46 

56 

41 

34 

19 

137  E-. - 

29 

a5 

50 

68 

63 

3S 

32 

41 

54 

40 

39 

48 

142  E.-. 

41 

37 

70 

70 

56 

36 

24 

30 

44 

50 

59 

75 

147  E... 

41 

38 

57 

42 

39 

18 

19 

18 

27 

2;> 

42 

49 

162  E... 

24 

iU 

29 

21 

18 

11 

7 

12 

19 

17 

27 

28 

157  E... 

17 

13 

19 

15 

12 

9 

7 

9 

11 

11 

12 

17 

1G2K.-. 

17 

11 

14 

15 

15 

8 

11 

10 

12 

10 

11 

14 

167  K... 

15 

9 

13 

12 

11 

12 

11 

11 

16 

9 

8 

9 

172E.-_ 

13 

8 

13 

12 

15 

9 

11 

6 

15 

12 

8 

12 

177  E._. 

14 

5 

14 

16 

10 

9 

11 

10 

13 

14 

11 

17 

177  W.. 

23 

8 

10 

21 

15 

10 

13 

12 

23 

17 

10 

17 

172  W.. 

24 

12 

24 

18 

16 

16 

19 

13 

23 

19 

15 

11 

167  W.. 

213 

0 

19 

33 

22 

14 

16 

16 

24 

15 

14 

162  W-- 

20 

11 

15 

17 

19 

14 

17 

14 

O.) 

•Had 

2() 

18 

15 

157  W_. 

12 

9 

15 

10 

14 

11 

1 

10 

12 

21 

U} 

13 

152  W.. 

16 

16 

11 

12 

10 

10 

4 

4 

12 

18 

17 

9 

147  W.. 

12 

11 

•> 

12 

8 

5 

4 

4 

8 

14 

17 

11 

142  \V.. 

12 

11 

i) 

17 

8 

4 

2 

4 

10 

16 

19 

11 

137  W.. 

13 

14 

10 

21 

15 

4 

•> 

5 

9 

17 

21 

17 

132  W-. 

20 

21 

21 

26 

IS 

4 

i> 

8 

19 

21 

127  W. - 

3S 

m 

3!) 

3t 

20 

6 

5 

5 

S 

23 

25 

41 

122  W.- 

47 

3.') 

4S 

.T) 

2.")  ' 

17 

s 

S 

12 

::o 

21 

35 

117  W.. 

r»7 

4!  J 

:.«) 

4! 

:\\ 

33 

10 

0 

..  i 

:;o 

:m) 

49 

112  W. 

70 

57 

(i4 

61) 

M 

4<I 

-S 

1!> 

:i2 

.").') 

40 

49 

107  W-- 

84 

04 

8U 

68 

50 

56 

56 

38 

49 

()5 

32 

70 
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Table  Showinq  Number  of  Storms  Observed,  etc.— Continued. 


Longi- 
tude. 

Jan. 

89 

Feb. 
85 

Mar. 
110 

Apr. 
103 

May. 
95 

June 
67 

July. 
91 

Aug. 
63 

Sep. 
73 

Oct. 

88 

Nov. 

83 

Dee. 
06 

102  W.. 

97  W- 

127 

118 

128 

99 

107 

75 

96 

80 

101 

108 

128 

102 

92  W.. 

141 

112 

137 

96 

89 

68 

82 

85 

107 

99 

116 

123 

87  W-. 

130 

107 

119 

91 

94 

77 

83 

87 

116 

110 

120 

127 

82  W-- 

129 

103 

116 

81 

77 

59 

76 

84 

86 

105 

107 

117 

77  W„ 

120 

110 

115 

84 

87 

60 

84 

96 

98 

105 

109 

131 

72  W.- 

117 

114 

114 

72 

89 

63 

88 

94 

96 

101 

116 

124 

67  W.. 

129 

113 

120 

83 

97 

70 

94 

93 

102 

101 

124 

116 

62  W.. 

118 

109 

119 

71 

82 

69 

78 

88 

81 

91 

115 

118 

57  W-. 

102 

118 

106 

87 

'68 

77 

78 

80 

101 

97 

106 

113 

62  W-- 

96 

104 

99 

82 

67 

81 

77 

72 

101 

lU 

92 

120 

47  W.. 

103 

86 

98 

82 

50 

72 

65 

51 

85 

112 

79 

103 

42  W-. 

93 

99 

96 

83 

47 

51 

47 

43 

56 

87 

67 

91 

37  W.. 

97 

109 

103 

81 

51 

59 

45 

56 

73 

82 

73 

106 

32  W.. 

97 

95 

104 

69 

53 

56 

43 

64 

95 

79 

72 

96 

27  W.. 

96 

90 

88 

78 

53 

61 

46 

66 

84 

81 

96 

105 

22  W.- 

82 

83 

86 

66 

50 

61 

44 

60 

80 

71 

88 

07 

17  W.. 

78 

79 

86 

73 

52 

53 

49 

65 

82 

66 

73 

88 

12  W.. 

80 

76 

86 

82 

54 

53 

57 

69 

81 

70 

82 

87 

7  W-. 

87 

89 

88 

94 

79 

56 

60 

80 

84 

72 

97 

95 

2W.. 

85 

85 

88 

78 

85 

65 

57 

66 

76 

79 

85 

104 
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Table  Showinq  Change  in  Number  of  Storms  on  every  Fifth  Meridian 

FROM  Month  to  Month. 


Longi- 
tude. 

Jan. 
29 

Feb. 
14 

Mar. 
—26 

Apr. 
21 

May. 
—11 

June 

July. 

Aug. 
11 

Sep. 
—22 

Oct. 

1 

Nov. 

• 

—11 

Dec. 
—14 

2E... 

14 

—  6 

7E... 

33 

20 

—31 

8 

3 

16 

00 

9 

1 

—28 

—  4 

—  9 

12E... 

16 

'  31 

—28 

24 

—  3 

10 

8 

—15 

10 

—30 

—  4 

—19 

17  E-.. 

11 

21 

—19 

6 

17 

9 

7 

—  5  !   8  M4 

00 

—11 

22E... 

43 

20 

—32 

29 

—  1 

00 

4 

10 

10  i— 33 

3 

—53 

27E.- 

15 

18 

—31 

20 

3 

17 

•> 

4 

8 

—26 

—  1 

—25 

32E--. 

1 

21 

—24 

22 

4 

18 

—  8 

6 

3 

—26 

5 

—22 

37  E... 

—  6 

16 

—29 

37 

—  5 

14 

—  3 

3 

—  9 

—  9 

—  6 

—  3 

42  E... 

1 

8 

—  5 

15 

—12 

6 

12 

—  1 

.  3  —17 

—13 

3 

47  E-.. 

1 

6 

—10 

12 

—  9 

16 

8 

9 

00 

—  4 

—10 

—  1 

52  E... 

6 

6 

—  8 

6 

8 

2 

6 

—12 

—  4 

—  1 

—  1 

—  8 

57  E... 

—  3 

6 

—  7 

2 

7 

8 

—  9 

—  1 

—  5 

3 

—  3 

(J2E... 

—  1 

—  5 

—  2 

—  7 

14 

7 

—  3 

—  7 

2 

—10 

8 

4 

67  E... 

00 

—  9 

00 

—  2 

3 

8 

—  6 

00 

—  1 

2 

—  1 

6 

72E... 

4 

—  2 

—  5 

—  2 

—  4 

6 

__  i-r 

9 

—  5 

—  2 

6 

2 

77  E... 

4 

—  3 

00 

—10 

00 

7 

—11 

7 

—  2 

—  4 

6 

6 

82E... 

10 

—  4 

2 

—  9 

—  2 

1 

—10 

9 

—  6 

—  2 

o 

9 

87  E... 

4 

00 

—  2 

—12 

—  2 

00 

—13 

5 

—  1 

9 

2 

10 

92  E... 

4 

—  4 

—  1 

—  9 

00 

14 

—  5 

—  1 

—  3 

—  4 

00 

9 

97  E... 

4 

—  2 

-  1 

—  5 

1 

7 

00 

1 

—  2 

—  4 

00 

1 

102E... 

4 

—  1 

—  2 

—  6 

—  7 

15 

—  1 

1 

00 

—  6 

1 

2 

107  E... 

00 

—  1 

00 

—  4 

—13 

15 

—13 

9 

2 

—13 

9 

9 

112  E... 

—  1 

—  2 

—  1 

—16 

—  7 

8 

3 

7 

4 

—  7 

11 

9 

117  E... 

7 

—  5 

—  5 

—26 

I 

—  4 

—  1 

6 

6 

1 

3 

11 

122 E... 

5 

—  1 

—12 

—25 

00 

6 

—  9 

-8 

2 

30 

—  5 

17 

127  E... 

—  1 

4 

-20 

—15 

-12 

15 

4 

—12 

—  6 

35 

—  4 

12 

132E... 

—  5 

—  1 

—16 

—19 

5 

8 

14 

—13 

—10 

15 

7 

15 

137  E... 

19 

—  6 

—15 

—18 

5 

25 

6 

—  9 

—13 

14 

1 

—  9 

142E... 

34 

4 

-33 

00 

14 

20 

12 

—  6 

—14 

—  6 

—  9 

—16 

147  E... 

8 

3 

—19 

15 

3 

21 

—  1 

1 

9 

2 

—17 

—  7 

152  E... 

4 

00 

—  5 

8 

3 

7 

4 

—  5 

»• 

o 

—10 

—  1 

157 E... 

00 

4 

—  6 

4 

3 

3 

2 

—  2 

—  2 

00 

—  1 

—  5 

162  E... 

—  3 

6 

—  3 

—  1 

00 

7 

—  3 

1 

—  2 

2 

—  1 

—  3 

167  E... 

—  6 

6 

—  4 

1 

1 

—  1 

1 

00 

—  5 

1 

—  1 

172E._. 

—  1 

5 

—  5 

1 

—  3 

6 

5 

—  9 

3 

4 

—  4 

177E.-. 

3 

9 

—  9 

—  2 

6 

1 

—  2 

1 

-3 

—  1 

3 

—  6 

178  W.. 

—  6 

15 

—11 

—  2 

6 

5 

-3 

1 

—11 

6 

7 

—  7 

173  W.- 

—13 

12 

—12 

6 

2 

00 

3  1 

6 

—10 

4 

4 

4 

168  W.- 

—  9 

14 

—10 

—  4 

1 

8 

—  2 

00 

6 

-2 

9 

1 

163  W.. 

—  5 

9 

—  4 

-2 

*> 

5 

3 

3 

—  8 

-4 

8 

3 

168  W.. 

1 

3 

—  6 

5 

—  4 

3 

4 

—  3 

—  2 

—  9 

5 

3 

153  W. - 

—  7 

00 

5 

—  1 

2 

00 

6 

00 

—  8 

—  6 

1 

8 

148  W- 

—  1 

1 

6 

—  7 

4 

3 

1 

00 

—  4 

n-6 

—  3 

6 

143  W.. 

—  1 

1 

6 

—12 

9 

4 

2 

—  6 

—  6 

—  3 

8 

138  W- 

4 

—  1 

4 

—11 

6 

11 

—  3 

—  4 

—  8 

—  4 

4 

133  W.. 

2 

—  1 

00 

—  5 

8 

14 

o 

mi 

—  3 

—  3 

—11 

—  2 

—  1 

128  W.. 

3 

14 

-15 

5 

14 

14    1 

00 

3 

—15 

—  2 

—16 

123W.. 

—12 

12 

—13  i  13 

10 

8    9 

00 

—  4 

17 

5 

—11 

118  W.. 

—  8 

8 

—  1  i   9 

10 

—  2 

2:i 

1 

—18 

—12 

9 

—19 

113W- 

-21 

23 

—  7 

4 

16 

—12 

18 

9 

13 

—23 

15 

—  9 

108  W- 

—14 

20 

-16 

12 

18 

-6 

00 

18 

—11 

—16 

13 

—18 

1 

I    1 

■ 

I    '^    \ 
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Table  Showing  Change  in  Number  of  Stobus,  etc.— Continued. 


Longi- 
tude. 

Jan. 
I 

Feb. 

Mar. 

Apr. 

May. 

June 

July. 

Aug. 

Sep. 
-10 

Oct. 

Nov. 

Dee. 

• 
103W- 

4 

-25 

8 

28 

-24 

28 

—15 

5 

-13 

98  W- 

—25 

9 

—10 

29 

—  8 

32 

—21 

16 

—21 

—  7 

—20 

-26 

93  W- 

—18 

29 

—25 

41 

7 

21 

—14 

—  3 

—22 

8 

—17 

m 

88  W. . 

—  3 

23 

—12 

28 

—  3 

17 

—  6 

—  4 

U29 

6 

—10 

pa 

—  1 

83  W.- 

—12 

20 

—13 

35 

4 

IS 

—17 

—  8 

—  2 

—19 

—  2 

-10 

78  W.. 

11 

10 

—  5 

31 

—  3 

27 

—24 

—12 

—  2 

—  7 

—  4 

^IW 

73  W-. 

I 

3 

00 

42 

—17 

20 

-25 

—  6 

-2 

—  5 

—15 

— 1 

68  W.. 

—13 

10 

—  7 

37 

—14 

27 

-24 

—  1 

—  9 

1 

—23 

8 

63  W- 

00 

9 

—10 

48 

—11 

13 

—  9 

—10 

7 

—10 

—24 

3 

58  W-- 

11 

-10 

12 

19 

19 

—  9 

—  1 

—  2 

—21 

4 

—  9 

—  7 

53  W-. 

24 

—  8 

6 

17 

15 

—14 

4 

5 

—29 

—10 

19 

-28 

48  W.- 

00 

17 

—12 

10 

32 

22 

i 

14 

-34 

—27 

33 

-24 

43  W-. 

—  2 

—  0 

3 

13 

36 

—  4 

4 

4 

—13 

—31 

20 

—24 

38  W-. 

9 

—12 

0 

22 

30 

—  8 

14 

—11 

—17 

—  9 

9 

-« 

33  W.. 

1 

—  9 

35 

16 

—  3 

13 

—21 

-31 

16 

1 

-28 

28  W.. 

9 

0 

o 

10 

25 

—  8 

15 

—20 

—18 

3 

—15 

—  9 

23  W-. 

].") 

-  1  ^—  3 

20 

16 

—11 

17 

—16 

—20 

9 

—17 

—  9 

18  W-. 

10 

-1  1-7 

13 

21 

—  1 

4 

—16 

—17 

16 

—  7 

-15 

13  W.. 

1 

4  —10 

4 

28 

1 

—  4 

—12 

—12 

11  1—12 

—  5 

8W.. 

8 

1 

-2    1 

—  0 

15 

23 

—  4 

—20 

—  4 

12 

1-25] 

2 

3  W-- 

19 

1 

00  —  3 

10 

___  P9 

20 

8 

—  9 

—10 

-3-6 

—19 

With  referonco  to  longitude,  least  frequency  of  Btorm  conditions  obtains  be- 
tween the  nlncty-fiftli  and  one  hundred  and  fifth  meridians  east  of  Greenwich, 
over  the  interior  of  Asia,  whci*e  the  principal  minimum  is  found.  Thence  golntr 
eastward,  the  st^M-m  frequency  increases  steadily  for  each  5-=  of  longitude  to  the 
vicinity  of  tlio  island  of  Japan,  from  135^  to  14.Vea3t,  where  the  third  maximum 
is  situated.  Furtlior  eastward,  except  a  slight  interruption  in  the  Bering  Sea 
i*egion.  the  frequency  of  storm  conditions  decrease  to  a  secondary  minimum, bc> 
twcen  210--  to  220  ^  east  of  Gi*eenwich,  in  the  longitude  of  southeastern  Alaska. 
From  these  meridians  there  is  a  verv  rapid  increase  eastward  to  the  regions  be- 
tween 260-' and  2so-  east  of  (Treonwicli,  from  Manitoba  to  the  region  of  the  Great 
American  J^kes,  where  is  hx^ated  the  principal  maximum  of  storm  f  requencr 
in  the  Northern  Ilemisphei-e.  In  these  20^  of  longitude  no  less  than  12  per 
eent  of  all  the  storms  occur,  and  in  the  vicinity  Ixjtween  the  fortieth  and  fiftieth 
parallels  of  north  latitude  and  the  sixtieth  ancl  one  hundredth  meridians  of  west 
longitude  no  less  than  14  per  cent  of  storm  conditions  occur. 

From  Newfoundland  eastward  over  the  Atlantic  the  storm  frequency  slightly 
decreases  to  a  third  minimum  between  the  fortieth  and  forty-fifth  merioiaos 
west  of  Greenwich,  south  of  Gi*cenland.  An  increase  follows  eastward  to  the 
secondary  maximum,  between  the  tenth  and  twenty-tifth  meridians  oast  of  Green- 
w^ich,  comprising  the  Mediterranean  and  Baltic  seas  and  the  northern  p«rt  of 
Norway. 

The  storm  fi-equencv  relative  to  distribution  by  mean  longitude  has  been  cal- 
culated for  each  montli,  with  the  following  results: 
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jiFio  Rbgion  pkom  Sixtieth  to  Two  Hundred  and  Foetieth  Me- 
ridian East  op  Greenwich. 


Month. 

Mean 
longitude. 

Januarv -. 

165. 7  E. 

153. 8  E. 
151. 3  E. 

145. 1  E. 
138. 6  E. 
138.  OE. 
129. 3  E. 
132. 3  E. 
1.39. 1  E. 

140. 3  E. 

145. 4  E. 

148. 2  E. 

February ... . 

March 

April 

May 

June 

July 

Auffust 

September 

October 

November 

December 

here  appears  to  bo  a  steady  and  unbroken  westerly  movement  from  January, 
month  of  greatest  easting,  to  July,  the  month  of  greatest  westing,  after  which 
verse  movement  sots  in. 

hero  is,  however,  apparently  no  such  regular  change  in  the  mean  monthly 
^itude  of  Atlantic  storms  from  120  west  eastward  to  60  east,  as  is  shown  by 
following  data : 


Month. 

Mean 
longitude. 

January 

35. 5  W. 
35. 5  W. 

35. 5  W. 

33. 2  W. 

30. 6  W. 

32. 0  W. 
35.3 

32. 1  W. 
35.9 

34. 3  W. 
n,  9  W. 

34. 7  W. 

February .» 

March 

April 

May 

June 

July 

August -.. 

September 

October 

November 

December 

lie  following  table  shows  in  detail  barometric;  data  used  in  the  preparation  of 
etccompanying  charts,  etc.,  from  selected  stations  whereat  international  simul- 
lous  observations  havd  been  regularly  talcen  front  1878  to  1887,  Inclusive,  and 
ther  isolated  points  without  the  international  network : 
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